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mc,b >> ꓥQCD Produced in hard scattering processes,
pQCD initial production

mc,b >> TRHIC/LHC no thermal production

mc,b >> gTRHIC/LHC soft scattering → Brownian motion

τ0≈ 1/2mQ (<0.1 fm/c)<< τQGP witness of all QGP evolution

τth≈ τQGP experience the whole evolution of QGP

For reviews:
M. He, H. van Hees and R. Rapp, PPNP 130, 104020 (2023) 
J. Zhao et al., PPNP 114, 103801 (2020) 
X. Dong and V. Greco, PPNP 104, 97-141 (2019) 

QGP Formation
and Expansion

Initial Stage
Hadronization
Hadronic phase

Hard scattering Glasma/E.M. field

Studying the HF in uRHIC

Initial production

- pQCD-NLO [FONLL…]

- MC@NLO, PYTHIA, POHWEG

- CNM effect [pp,pAexp.]



QGP Formation
and Expansion

Initial Stage
Hadronization
Hadronic phase

Hard scattering Glasma/E.M. field

Different approaches

a) pQCD inspired + HTL 
[Nantes(+rad.) …Torino, LBL-Duke] 
LO diagrams, propagator with reduced IR regulator 

ή ‖ά Ὕ match soft scale resummedin HTL

b) Quasi Particle Model + tree level diagrams
[Catania, Frankfurt-PHSD, QLBT o CoLBT,…]
g(T) from a fit to lQCD-EoS
screened propagators with mD ~ gT

c) T-matrix: scatteringunder V(r,T) deduced from lQCD(TAMU)

Åp2 ~ mQ T >> q2 ~ T2 Ý Brownian Motion: Fokker-Planck 
in Hydro/ transportbulk

In the non-relativistic approx. of constant A and B
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Fluct. Diss. Theor.

Studying the HF in uRHIC

For reviews:
M. He, H. van Hees and R. Rapp, PPNP 130, 104020 (2023) 
J. Zhao et al., PPNP 114, 103801 (2020) 
X. Dong and V. Greco, PPNP 104, 97-141 (2019) 



o Independent fragmentation

o String fragmentation (PYTHIA)
T. Sjostrand et al., JHEP 05 (2006), 026
C. Bierlich et al., SciPost Phys. Codeb. 2022 (2022), 8

o In medium hadronization with Cluster decay
A. Beraudo et al., EPJC 82 (2022)

o Coalescence/recombination
S. P., V. Minissale et al, EPJC 78 no. 4, (2018) 348
S. Cao et al. , PLB 807 (2020) 135561 

Resonance Recombination model
L. Ravagli and R. Rapp, Phys. Lett. B 655, 126 (2007).
L. Ravagli, H. van Hees and R. Rapp, Phys. Rev. C 79, 064902 (2009).

o Statistical hadronization model (SHM)
A. Andronic et al, JHEP 07 (2021) 035

c(b) → D(B),  Ds(Bs), Λc(Λb) ...

D , B , … 

Λc , Λb , ...

For reviews on HF hadronization:
J. Altmann, A. Dubla, V. Greco, A. Rossi and P. Skands, 
EPJC 85, no.1, 16 (2025) 
J. Zhao, et al. PRC 109, no.5, 054912 (2024) 
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Logo

Catania model: transport theory and Quasi-Particle approach (QPM)

Model extension (QPMp): Spatial diffusion coefficient Ds in QPMp

→ Effect of momentum dependence on RAA and vn(pT)                                                                                                           
M.L. Sambataro et al, Eur.Phys.J.C 84 (2024) 9, 881
M.L. Sambataro et al , arXiv:2508.01024 [hep-ph] 

Heavy hadrons in AA collisions:
• Λc , D spectra and ratio: RHIC and LHC
S. Plumari, et al. Eur. Phys. J. C 78, no.4, 348 (2018)

Heavy hadrons in small systems (pp @ 5.02 TeV):
• Λc/D0, Ξc/D0 , Ωc/D0

V. Minissale, et al., Phys. Lett. B 821, 136622 (2021)

• Λb/B0, Ξb/B0 , Ωb/B0

V. Minissale et al, arXiv:2405.19244 [hep-ph]

Multi-charm production PbPb vs KrKr vs ArAr vs OO:
V. Minissale, et al., Eur. Phys. J. C 84, no.3, 228 (2024)

Outline

https://arxiv.org/abs/2405.19244


Transport coefficents of 
Heavy quarks



Diffusion coefficient of charm quarks

X. Dong, Y. J. Lee and R. Rapp, ARNPS 69, 417-445 (2019)
X. Dong and V. Greco, PPNP 104, 97-141 (2019) 

Main sources of Differences in models:

o Initial spectra [now improved thanks to pp data & EMMI RRTF]

o Impact of hadronization [EMMI RRTF &STRONG2020]

o Momentum depedence of diffusion

o Not all models describe data with the same quality ɢ2

Several Collab. in joint activities (2018 - 2023):
- EMMI-RRTF: R. Rapp et al., Nucl. Phys. A 979 (2018)
- HQ-JETS: S. Cao et al.,Phys. Rev. C 99 (2019)
- Y. Xu et al., Phys. Rev. C 99 (2019)
- STRONG2020 J. Zhao, et al. PRC 109, no.5, 054912 (2024) 

o New entry ȿc but Ds (T) estimates does not really

include its impact on RAA(pT) in most cases

S. Acharyaet al. [ALICE coll.], JHEP 01 (2022), 174



New Ds from lQCD → small τth

o 2 T́Ds smaller compared to previous quenched (Nf=0) lQCD estimates.

o For T/Tc å1 close to AdS/CFT. Agreement with pQCD (NLO) at high T

o Suggest faster thermalization of HQs than previously estimated.

L. Altenkort et al.,PRL 130 (2023) no.23, 231902

See talk: J. L. D. Golan Apr 7, 2025 

L. Altenkort et al.,PRL 132 (2024) no.5, 051902

Mass Dependence of the HQ Diffusion Coefficient

o Bottom quarks closer to the infinite-mass limit

o 2 T́Ds decreases with increasing quark mass, 

same for LQCD, QPM & NewT-matrix 

2+1 flavor lattice QCD with dynamical quarks (mπ ≈320 MeV) 
Extract Spectral functions ɟE and ɟB spectral functions corresponding to 
the E and B field correlationfunctionsĄ Kubo formula:

ς“ὝὈ
ρ ╪◄╣╬ᴼⱲ◄▐ Ȣ█□Ⱦ╬

ςȢυ╪◄╣╬ᴼⱲ◄▐ Ȣ█□Ⱦ╬



Logo ente 
beneficiario

Momentum dependent 

factors

H. Berrehrah, W. et al., Phys.Rev.C 93, 044914 (2016).
C. S. Fischer, J. Phys. G 32, R253 (2006).
M.L. Sambataro et al, Eur.Phys.J.C 84 (2024) 9, 881

We correctly reproduce 
both EoS and quark 
susceptibilities
which are understimated 
in the standard QPM 
approach.

Pressure, trace anomaly 
including charm
Nf=2+1+1

p

QPM → no masses evolution wrt the momentum → quark susceptibilities understimated
QPMp → following the model developed by PHSD group

QPM extension: QPMp vs QPM



Logo

Going from QPM to QPMp…
T/Tc <1.6 → strong non-perturbative behaviour of DS.
bottom: closer to DS lQCD-NREFT

but still a significant deviation wrt the lQCD-NREFT data!

lQCD quenched                              w dynamical fermions
M.L. Sambataro et al, Eur.Phys.J.C 84 (2024) 9, 881

QPM

QPMp

● τth(c , p=0) Ḑ4 fm/c (QPM) →  2.5  fm/c (QPMp)

● τth(b , p=0) Ḑ9 fm/c (QPM) → 5.5  fm/c (QPMp)

in the p → 0 limit

larger τt

About ~ 40% for charm
~ 20% for bottom 

in QPMp 

← Extract DS at p=0

Larger τth at finite momentum (~5 GeV)

QPMp: spatial diffusion coefficient Ds

M.L. Sambataro et al , arXiv:2508.01024 [hep-ph] 



LogoEvent-by-Event transport for HQ dynamics

free-streaming field interaction
ε-3p≠0

collision term
gauged to some η/s≠0

S. Plumari et al.,J.Phys.Conf.Ser. 981 012017 (2018).

( D0,D+,Ds,Λc)

ὴ‬Ὢ ὼȟὴ άὼ‬άὼ‬Ὢ ὼȟὴ ὅὪȟὪ

ὴ‬Ὢὼȟὴ άὼ‬άὼ‬Ὢὼȟὴ ὅὪȟὪ Equivalent to viscous 
hydro η/s≈0.1

Bulk evolution

More detailsin:
M. L. Sambataro, et al., Phys. Lett. B 849, 138480 (2024)
M. L. Sambataro, et al., Eur. Phys. J. C 82, no.9, 833 (2022)
L. Oliva, S. Plumari and V. Greco, JHEP 05, 034 (2021)
S. Plumari, et al., Phys. Lett. B 805, 135460 (2020)
Y. Sun et al., Eur. Phys. J. C 80, no.1, 16 (2020)
S. Plumari, Eur. Phys. J. C 79, no.1, 2 (2019)
F. Scardina, et al., Phys. Rev. C 96, no.4, 044905 (2017)

HQ evolution: Event-by-event Langevin  

Fluctuation-dissipation theorem :

M.L. Sambataro et al , arXiv:2508.01024 [hep-ph] 



Logo ente 
beneficiario

Wigner function width fixed by root-mean-square 
charge radius from quark model

Assuming gaussian wave function

Wigner function <-> Wave function

• ► άὩίέὲύὥὺὩὪόὲὧὸὭέὲ

For baryon  Nq=3 

Note: only sr coming from • ►or sr*sp=1

valid for harmonic oscillator with V(r)   sr*sp>1

C.-W. Hwang, EPJ C23, 585 (2002); 
C. Albertus et al., NPA 740, 333 (2004)

Normalization fH(...) fixed by requiring Pcoal(p->0)=1
whichfixesAw , additionalassumptionwrt standard 
coalescencewhichdoesnot haveconfinement

Harmonic oscillator relation

Coalescence approach in phase space for HQ

Ὠὔ

Ὠὴ
Ὣ ὴẗὨ„

Ὠὴ

ς“
ὪὼȟὴὪ ὼȟȢȢȢȟὼȠὴȟȢȢȢȟὴ ‏ ὴ ὴ

Statistical factor colour-
spin-isospin

Parton 
Distribution 

function
Hadron Wigner function



Logo

ṝ Normalization in fW(...) fixed by requiring Pcoal(p->0)=1 : 
….othersmodifyby hand sr to enforceconfinementfor a 
charm at rest in the medium

ṝ The charm not“coalescencing” undergofragmentation:

charm numberconservedat eachpT,

we haveemployede+e- FF now PYTHIA

S. Plumari, V. Minissaleet al., Eur. Phys. J. C78 no. 4, (2018) 348

Coalescence approach in phase space for HQ

Ὠὔ

Ὠὴ
Ὣ ὴẗὨ„

Ὠὴ

ς“
ὪὼȟὴὪ ὼȟȢȢȢȟὼȠὴȟȢȢȢȟὴ ‏ ὴ ὴ

Statistical factor colour-
spin-isospin

Parton 
Distribution 

function
Hadron Wigner function

For the discussionaboutRAA(pT), vn(pT), of charm and bottom hadrons
SeeM.L. Sambataro [5 Jun2024, 09:10]



New development in QPM
quenched

dynamical fermions

QPM

QPMp

M.L. Sambataro et al, EPJC 84 (2024) 9, 881

τth(c,p=0) Ḑ4 fm/c (QPM) Ÿ 2.5  fm/c (QPMp)

τth(b,p=0) Ḑ9 fm/c (QPM) Ÿ 5.5  fm/c (QPMp)

QPM → masses w/o momentum dependence 
→ quark susceptibilities understimated

QPMp → masses w momentum dependence similar to PHSD
H. Berrehrah, W. et al.,  PRC 93, 044914 (2016).

→ describes e, P, χq, χs of lQCD and is close to DS of 
lQCD(new) with dynamical fermions.

Å Ds(T) lQCD no p-dependence out of 
phenomenology

E-b-e Langevin + transport bulk (fixed η/s)M.L. Sambataro et al , arXiv:2508.01024 [hep-ph] 



Impact of a new τth of c quarks

Large τth → more sensitivity to early stageFor charm:
Å with τth(p→0) ~ 1 fm/c no sensitivity to initial distribution

for both RAA andv2 at pT< 1.5
Å at pT> 2 GeVpossibleto seeimpactof initial conditions
Å Canbe expectedlargesensitivityfor v3, v4

Å Thissuggestthat at pT < 2-3 GeV→ could be describedby
Blastwave+ SHM

Andronic et al., JHEP 07 (2021) 035

pA collisions: 
→ large sensitivity to initial condition also at smaller pT

small opacity γ [Kurkela and Wiedemann, EPJC79(2019)



Impact of a new τth of c and b quarks

For charm:
Å with τth(p→0) ~ 1 fm/c no sensitivityto initial distribution

for both RAA andv2 at pT< 1.5
Å at pT> 2 GeVpossibleto seeimpactof initial conditions
Å Canbe expectedlargesensitivityfor v3, v4

For bottom:
Å Bottom still very sensitive to initial dN/dpTin all pT range

Ⱳ◄▐╫ ╜╫Ⱦ╜╬Ⱳ◄▐╬ Ⱳ◄▐╬

Large τth → more sensitivity to early stage

pA collisions: 
→ large sensitivity to initial condition also at smaller pT

small opacity γ [Kurkela and Wiedemann, EPJC79(2019)



Logo
Data from ALICE Coll. JHEP 1209 (2012) 112

LHC: results

The ȿc/D
0 ratio is smaller at LHC energies:

fragmentation play a role at intermediate pT

S. Plumari, et al., Eur. Phys. J. C78 no. 4, (2018) 348

STAR coll. arXiv:1910.14628

wave function widths ůp of baryon and 

mesons kept the same at RHIC and LHC!



LogoLHC: results

The ȿc/D
0 ratio is smaller at LHC energies:

fragmentation play a role at intermediate pT

S. Plumari, et al., Eur. Phys. J. C78 no. 4, (2018) 348

STAR coll. arXiv:1910.14628

wave function widths ůp of baryon and 

mesons kept the same at RHIC and LHC!

Catania

SHMc+FastReso+cor.

TAMU

@5.02 TeV

ALICE Coll. arXiv:2112.08156v1

Results for 0-10% in PbPb@5.02TeV:

Consistent with the trend shown at RHIC and LHC @2.76TeV

Available data at low pT→ differences recombination vs SHM 

https://arxiv.org/abs/2112.08156


M. He and R. Rapp, PRL 124, no.4, 042301 (2020) 

Impact of HF hadronization on v2(pT)

If c enhancement of the yield comes from quark coalescence it should be associated to

Catania
w SMC

Å c/D ~ O(1) already in pp@TeV: pp ~ AA e+e- , e-p

See QM2025 talk: M.L. Sambataro 9 Apr 2025

Ą Large v2(Λc)>v2(D
0) because Λc gets flow from 2 light quarks, D0 from 1

v2(Λc) ~  ○ ╬
□╬

□☻
▬╣ + ○ ▲

□▲

□☻
▬╣

Ą Effect to be measured in AA; will it be seen also in pp?   

Lc dominated by coalescence:
self-consistent with Lc/D ratio?



Logo ente 
beneficiario

Small systems



LogoSmall systems

R. D. Weller, P. Romatschke PLB 774 (2017) 351-356

Objections to apply hydro in pp

• Too few particles,
cannot be collective

• System not in equilibrium

ALICE Coll.,PRL 111 (2013) 222301
ALICE Coll.,J. Phys.: Conf.Ser. 509 (2014) 012091
ALICE Coll.NPA 956 (2016) 777-780.

Traditional view:
• QGP in Pb+Pb
• no QGP in p+p (“baseline”)

ALICE,PRD 105 (2022) 1, L011103

Å Indication that fragmentation depends on the

collision system

Å Assumption of their universality not supported

by the measured cross sections

Fragmentation:
production from hard-scattering processes
(PDF+pQCD).
Fragmentationfunctionsassumed“universal”



Logo

p+p @ 5 TeV
- tpp=1.7 fm/c
- ɓ0=0.4
- R=2.5 fm
- V~30 fm3

Thermal Distribution (pT< 2 GeV)

Collective flow
Fireball radius+radial flow constraints   

dNch/dy and dET/dy
Minijet Distribution (pT> 2 GeV)
NO QUENCHING

Ὠὔ

ὨὶὨὴ

Ὣ†ά

ς“
ÅØÐ

‎ ά ὴẗ‍

Ὕ

‍ ‍
ὶ

Ὑ

Data from: ALICE coll. EPJ C79 (2019) no.5, 388
ALICE coll. Meninno Hard Probes 2018

V. Minissaleet al., Phys.Lett.B 821(2021)136622

wave function widths ůp of 

baryon and mesons kept the 

same at RHIC and LHC!

Small systems: Coalescence in pp? (Charm hadrons)



Logo

V. Minissaleet al., Phys.Lett.B 821(2021) 136622

Data taken from: ALICE coll. JHEP 04 (2018) 108

Other models:
He-Rapp, Phys.Lett.B 795 (2019) 117-121:
Increase≈2 to Λcproduction: SHM with resonance 
not present in PDG

PYTHIA8 + color reconnection
CR with SU(3) weights and string
length minimization

Error band correspond to <r2> uncertainty in quark model

Reduction of rise-and-fall behaviourin Λc / D0 ratio:

-Confronting with AA:  Coal. contribution smaller w.r.t. Fragm.

-FONLL distribution flatter w/o evolution trough QGP

-Volume size effect

ALICE Coll., Physical Review Letters 128, 012001 (2022)

Small systems: Coalescence in pp? (Charm hadrons)

https://doi.org/10.1016/j.physletb.2019.06.004
https://doi.org/10.1103/PhysRevLett.128.012001


New measurements of heavy hadrons at ALICE:

-Ξc/D
0 ratio, same order of Λc/D

0: coalescence gives enhancement

- very large Ωc/D
0 ratio

Assuming additional PDG resonances with 
J=3/2 and decay to Ωcadditional to

supply an idea of how these states may affect the ratio
E. Santopintoet. al, EPJC 79 (2019) 12, 1012 

Error band correspond to <r2> uncertainty in 
quark model

ɱ ςχχπ

ɱ σπππȟɱ σππυȟɱ σπφυȟɱ σπωπȟɱ σρςπ
ALICE Coll. JHEP 10 (2021) 159

ALICE Coll. arXiv:2205.13993

V. Minissale, S. Plumari, V. Greco, Physics 
Letters B 821 (2021) 136622

Small systems: Coalescence in pp? (Charm hadrons)

https://doi.org/10.1007/JHEP10(2021)159
https://arxiv.org/abs/2205.13993
https://doi.org/10.1016/j.physletb.2021.136622


Logo ente 
beneficiario

Small systems: Coalescence in pp? (Bottom hadrons)
Data from: A. M. Sirunyan et al. (CMS), PRL 119, 152301 (2017).

Å Pcoalof bottom is flatter than Pcoalof charm 
-> Coal. greaterimpact on bottom hadronproduction

Å B mesonproduction at pT < 5 GeV mainlyfrom Coal
Å Λbproduction mainlyfrom Coal. for pT < 10 GeV 

V. Minissale et al., PLB 860, 139190 (2025)



Logo ente 
beneficiario

Small systems: Coalescence in pp? (Bottom hadrons)
Data from: A. M. Sirunyan et al. (CMS), PRL 119, 152301 (2017).

Å Pcoalof bottom is flatter than Pcoalof charm 
-> Coal. greaterimpact on bottom hadronproduction

Å B mesonproduction at pT < 5 GeV mainlyfrom Coal
Å Λbproduction mainlyfrom Coal. for pT < 10 GeV 

V. Minissale et al., PLB 860, 139190 (2025)

Error band correspond to <r2> uncertainty in quark model



Logo ente 
beneficiario

Multi - charm in 
PbPb- KrKr - ArAr - OO



Logo
Yields in PbPb from coalescence vs SHM 

, widths from quark model 

widths obtained rescaling with harm. oscillator ɂcc ,ɋcc

Ɇc
0 ,ɂc

0,ɋc
0

→ upper limit: charm thermal distribution

→ lower limit: PbPbdistribution with widths 
rescaled as standard Harm. Oscill. ( ɤ from       )ɋc

0

V. Minissale, S. Plumari, Y. Sun and V. Greco,Eur. Phys. J. C 84, no.3, 228 (2024)

Yelds in PbPb: coalescence vs SHM

Weemploysamevolume in SHM 
A. AndronicJHEP (2021) 035



Logo

→ upper limit: charm thermal distribution

→ lower limit: PbPbdistribution with widths 
rescaled as standard Harm. Oscill. ( ɤ from       )

Yields in PbPb from coalescence vs SHM 

, widths from quark model 

widths obtained rescaling with harm. oscillator 

ɛ1=
m1m2

m1+m2

;ɛ2=
(m1+m2)m3

m1+m2+m3
ůri =

1
ãɛiɤ

ɂcc ,ɋcc

Ɇc
0 ,ɂc

0,ɋc
0

ɋc
0

Yelds in PbPb: coalescence vs SHM
V. Minissale, S. Plumari, Y. Sun and V. Greco,Eur. Phys. J. C 84, no.3, 228 (2024)



Logo
Ratios of pT distribution Ωccc in PbPb/KrKr/ArAr/OO

V. Minissale, S. Plumari, Y. Sun and V. Greco,Eur. Phys. J. C 84, no.3, 228 (2024)

Å It can be a meter of non-equilibrium.
Å Translationof features of charm spectraat low pTin 

to highermomentumregion.
Å More sensitive to multicharmΩccc/D

0 respectto Λc/ D
0



LogoConclusion

● QPMp: Good description of both EoSand susceptibilities 

→Decrease of Ds at small T but still larger than lQCDDs for charm

→ Effect on observables for realistic simulations: momentum dependence of Ds?

Comparison Ds from model/phenomenology : p-dependence very relevant

ÅCharm hadronization in AA different than in e+e- and ep collisions
-Coal.+frag./Resonance Recombination Model enhancement of Lc production at
intermediatepT ->Lc/D

0 ~1 for pT ~ 3 GeV

Å In p+p assuming a medium:
- Coal.+fragm. gooddescriptionof heavybaryon/mesonratio
(closerto the dataforLc/D

0 ,Xc/D
0,Wc/D

0)

- B,Bsgoodagreementwith exp. Data- Coal.+fragm. EnhancementofLb

PredictionsforLb/B
0 ,Xb/B

0,Wb/B
0

- D/B,Lc/ Lb ,Xc/Xb provideinformationabouthadronizationandf(c)/f(b)

Å The yield of multi-charm decreases slowly with A in a coalescence approach

- role of non-equilibrium distribution function



Logo

Thank you for the attention!



Logo
Yields in PbPb from coalescence vs SHM 

D0 and Λc determine the yield, the radius
variation is compensatedby the constrainton
the charmhadronization

A ±50% in the radius of 
induces a change in the yield by about 1 order of 
magnitude 

ɋccc

Yelds in PbPb: coalescence

Solve the 3-body problem by a 1-body in higher dimensions
hypersphericalcoordinates method

V. Minissale, S. Plumari, Y. Sun and V. Greco,Eur. Phys. J. C 84, no.3, 228 (2024)



Logo

V. Minissaleet al., Phys.Lett.B 821(2021)136622

Data taken from: ALICE coll. JHEP 04 (2018) 108

Other models:
He-Rapp, Phys.Lett.B 795 (2019) 117-121:
Increase≈2 to Λcproduction: SHM with resonance 
not present in PDG

PYTHIA8 + color reconnection
CR with SU(3) weights and string
length minimization

Error band correspond to <r2> uncertainty in quark model

Reduction of rise-and-fall behaviourin Λc / D0 ratio:

-Confronting with AA:  Coal. contribution smaller w.r.t. Fragm.

-FONLL distribution flatter w/o evolution trough QGP

-Volume size effect

ALICE Coll., Physical Review Letters 128, 012001 (2022)

Small systems: Coalescence in pp? (Charm hadrons)

https://doi.org/10.1016/j.physletb.2019.06.004
https://doi.org/10.1103/PhysRevLett.128.012001


Logo ente 
beneficiario

- D/B,Lc/Lb ,Xc/Xb ,Ωc/Ωb provide information about
hadronizationandf(c)/f(b)

- Scalingif onlycoal. isassumed

Error band correspond to <r2> uncertainty in quark model

Coalgivesenhancementof Baryon/mesonratio

Small systems: Coalescence in pp? (Bottom hadrons)

V. Minissale et al., PLB 860, 139190 (2025)



LogoRelativistic Boltzmann eq. at finite η/s

free-streaming field interaction
ε-3p≠0

collision term
gauged to some η/s≠0

S. Plumari et al.,J.Phys.Conf.Ser. 981 012017 (2018).

( D0,D+,Ds,Λc)

ὴ‬Ὢ ὼȟὴ άὼ‬άὼ‬Ὢ ὼȟὴ ὅὪȟὪ

ὴ‬Ὢὼȟὴ άὼ‬άὼ‬Ὢὼȟὴ ὅὪȟὪ Equivalent to viscous 
hydro η/s≈0.1

Bulk evolution

M scattering matrix by QPM model fit to lQCD EoS

HQ evolution

More detailsin:
M. L. Sambataro, et al., Phys. Lett. B 849, 138480 (2024)
M. L. Sambataro, et al., Eur. Phys. J. C 82, no.9, 833 (2022)
L. Oliva, S. Plumari and V. Greco, JHEP 05, 034 (2021)
S. Plumari, et al., Phys. Lett. B 805, 135460 (2020)
Y. Sun, S. Plumari and V. Greco, Eur. Phys. J. C 80, no.1, 16 (2020)
S. Plumari, Eur. Phys. J. C 79, no.1, 2 (2019)
F. Scardina, et al., Phys. Rev. C 96, no.4, 044905 (2017)


