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QCD at extreme conditions

Time: 0 fm/c <1fm/c ~10 fm/c ~101° fm/c
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Heavy quark transport

Heavy quarks (charm and beauty): produced at the early stage of heavy-ion
collisions before the QGP creation
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Heavy quark transport

Heavy quarks (charm and beauty): produced at the early stage of heavy-ion
collisions before the QGP creation
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Energy loss in QGP medium

dNaa /dpT
< Taa > dopp/dpr oy

o Ran =1 If no medium effect and/or

Raa(pr) =

(to< 1 fm/c)

z Initial state effects

e Radiative vs. collisional energy loss

beam beam




Heavy quark transport

Heavy quarks (charm and beauty): produced at the early stage of heavy-ion

collisions before the QGP creation _ _
time Collective expansion
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LN = Anisotropic flow

Central region

elliptic flow

vy = (cos(2¢))
B <p';’ —p§>
O\ p?

triangular flow
R vy = (cos(39))

. pi - 3pa:p§
p;

(to< 1 fm/c)

= Results In complex azimuthal
structure of final-state particles

beam beam



Heavy quark transport

Heavy quarks (charm and beauty): produced at the early stage of the
collisions before the QGP creation '

time
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Coalescence

Qc-__ Hadron Gas -
o\ - .
| Fragmentation — hadrons from high prt partons

Coalescence/recombination — hadron formation
via (di-)quark combination in the QGP medium

(to< 1 fm/c)

-pT,hadron = I pT,parton, N = 2 (meSOn), 3 (baryOn)

- g oE .
= Sensitive to baryon and meson species

= Baryons from lower momenta partons (denser)
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Charm quark transport
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1.5< ans(T) < 45, Tcharm = (mCharm/ T) Ds(T) = 3-9 fm/C < Tmedium = 10 fm/c

= |[ndicate charm may thermalize in the QCD medium



Charmed hadron flow

- ALICE, Pb-Pb fRun 3
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Charmed hadron flow
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Charmed hadron flow

- ALICE, Pb-Pb Run 3
v, {SP, |An] > 1.3}, (S = 5.36 TeV, 30-50%
e Prompt D’ ¢ Prompt D*
# Prompt D_ B Prompt A¢
v, (2, A7) > 2}, (S = 5.02 TeV, 30-40%
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0.5 81
ALICE arXiv:2603.18966 D

Low and mtermedlate—pT
[v2(Ds) < v2(D9) = v2 (D)

= Sequential hadronization
Zhuang et al., Phys. Rev. Lett. 136 (2026) 232301

Springer Proc. Phys. 250 (2020) 275

< Vo(TT%)

Intermedlate and hlgh-pT

= Strong ewdence of Coalescence

Further reveal the transport dynamics
of heavy quarks in the QGP medium
and provide high-precision microscope
tomography of the QGP
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Charmed hadron flow
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=c production in Pb-Pb
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Both =c0/Dst and =:0/Act ratios are enhanced Pb—Pb compared to pp

= Challenging the model predictions 13



Ds+/D+ ratio vs. multiplicity
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Ds+/D+ ratio vs. multiplicity
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Ds+/D+ ratio vs. multiplicity
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Light-ion systems are
iImportant to fill the gap 16
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e D meson v2 in OO agrees with models including QGP formation
e DO yield ratio between OO and Ne—-Ne —Consistent with QGP effects
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CMS Preliminary
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CMS Preliminary
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CMS Preliminary
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ALICE Preliminary
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(S (GEV)
= | HC Run 1 and 2: Global polarization consistent with zero (large uncertainties)

= New Run 3: First observation of polarized hyperons at LHC energies with 50

Efforts ongoing for the measurement of polarization difference

between particle and anti-particle, which is sensitive to magnetic field! 1



ALICE Phys. Rev. Lett. 125 (2020) 012301
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ALICE Phys. Rev. Lett. 125 (2020) 012301
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heavy-quark sector?
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ALICE Phys. Rev. Lett. 125 (2020) 012301
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Charm quarks exhibit different spin

alignment and polarization behaviors
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What do we learn?

e Do heavy quarks hadronization via coalescence in QGP?

= Sequential hadronization is favored
e What is the particle production mechanism across systems?
e What is the degree of thermalization of heavy quarks in QCD medium?
e What can we learn more from heavy quarks?

¢ |s there the dead-cone effect of medium-induced gluon radiation of
heavy quarks?
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D meson v2 in OO collisions
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e D meson v2 in OO agrees with models including QGP formation

e Sizable differences between peripheral Pb—Pb and central OO
= Similar multiplicity, but OO has smaller eccentricity 28



