Investigating charm-quark dynamics in
QGP via the charm-hadron elliptic flow
in Pb=Pb collisions‘with ALICE |
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e Lattice QCD predicts phase transition from ordinary
nuclear matter to colour-deconfined medium:
Quark-Gluon Plasma (QGP)

- Heavy Quarks (HQ) produced in hard
scattering processes before QGP formation

- IHQ~‘/2mCsO.1<17 = 0.3 fm/c

(QGPform., LHC)
E Liu et Al_PRC 89 (2014) 034906

— Probe full system evolution

= |n-medium energy loss
= HQ thermal equilibration degree

= Hadronisation mechanism
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E.Grosa

QGP modifies heavy-flavour (HF) hadron spectra
and relative abundance
== Quark distribution

- HQ interacts with QGP constituents lose energy
via elastic collisions and radiative processes

= |n-medium energy loss

- Fragmentation D, —H(z,, Q%): parton shares
fraction of its momentum z, with hadron H
(dominant at high p.)

— Coalescence/Recombination: partons close in
phase space recombine into higher p_hadron
(dominant at low p.)

= Modification of hadronisation
mechanism
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S. Polltano

HQ diffusion described by transport
models (Boltzmann, Fokker-Planck,

Langevin)

Spatial diffusion coefficient D_

1, =1y = D_=T/[y(p=0)m]

aN — &(1 + 2vycos[2(¢p — Yrp)] + -+ *)

d$ — 2r
vz = (cos[2(¢ — ¥rp)])
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Initial geometrical anisotropy translates to
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momentum anisotropy of final hardon in

off-central collisions
—  Fourier series: 2% harmonic, elliptic flow (v)

- v, measurements to constrain Ds
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A Large lon Collider Experiment mcg

Time Projection Chamber (TPC)
— Tracking, PID via dE/dx

- Gas Electron Multipliers (GEMs) in

TPC readout for higher interaction

rate (X ~50in Pb-Pb collisions)

Inner Tracking System (ITS)
— Tracking

- Primary and decay vertices reco.
- 7 layers of silicon pixel detector

=  |mproved pointing resolution (X ~2-5)

to the primary vertex

Solenoid magnet
(B~0.5T)

Data sample:
- Pb-Pb ‘/SNN =5.36TeV (2023),£ =15 nb
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Time Of Flight (TOF)
— PID via time-of-flight
measurements

Fast Interaction Trigger
(FIT) detectors

— Trigger
- Centrality and
multiplicity

determination

HF decay channels (]y|<0.8):
- DKt -D'—=K '

- D" — ¢ —K'Kr*

- A —pKm*
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Elliptic flow extraction with ALICE
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e Non-prompt D contribution estimated via linear
fit to inclusive meson v

fraction

- Data-driven method adopted to estimate

New!
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the non-prompt fraction
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VS. non-prompt

S. Politano
. 6|19
(stefano.politano@cern.ch) - ALTGE

2023 Pb-Pb data collected by ALICE (1.5nb™)
Scalar Product (SP) technique to extract D
meson v,
- Simultaneous fit to invariant mass
distribution and inclusive v, vs. invariant

mMass
= I LS LN B B
2 25k ALICE Preliminary | New!
e [ Pb-Pb, 30-40%, {5y = 5.36 TeV :
50_20:_ D° - K =n* and charge conj. _:
gl F 4<p,<5GeVic
0.10F —
0,05:— — Linear fit —:
- x2/ndf = 0.36 68% confidence level
A R MR R B A T E i
0.00"""02""04 06 08 1

Non-prompt fraction
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Charm-meson flow vs models mcg

e D%wv, compared with transport models
predictions

e Differences:
— Coalescence implementation
— Presence of hadronic phase
- Adoption of nPDFs
— HQ interactions with medium

= High data precision allow for
model discrimination

= Constraint to predicted D_
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Strange vs. non-strange D v,
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e Progressively decreasing v, going from mid-central to peripheral
- Shorter QGP spatial extension/time duration
= Reduced bulk contribution to D meson v,

=  Residual v, proper of the HQ
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Charm-hadron flow
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Charm-hadron flow
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Baryon-meson v, grouping

Larger effect from recombination

for baryons than mesons

= Partonic collectivity in Pb-Pb

Good description by TAMU

model

TAMU: PRL 124 (4) (2020)
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Charn-baryon flow

e Mass ordering for p_<4 GeV/c
- v,(K°) > v,(A) > v, (A ") - v,(D°)
e Baryon-meson grouping at higher p_
— Common underlying mechanism
Number of Constituent Quark (NCQ) scaling?
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Charn-baryon flow
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e No clear universal scaling of vz/nq

L1
8 10 12 14 16 18 20 22 24

P, (GeV/c)

between mesons and baryons

observed

—  Combined effect of

in LF or HF

e Mass ordering for p_<4 GeV/c
- v,(K°) > v,(A) > v, (A ") - v,(D°)

e Baryon-meson grouping at higher p_

— Common underlying mechanism

Number of Constituent Quark (NCQ) scaling?

F* ALICE Preliminary

« Prompt A;
. Prompt/D\8

v {2, |An| > 0.8},

| AL NN N LR N NN R B R

=5.02 TeV

o K2 JHEP 05 (2023) 243
o A(R) JHEP 05 (2023) 243

[ Pb-Pb, 30-50% v, {SP, |An]| > 1.3}, {5 = 5.36 TeV _

™

New!

i

——

hydrodynamics + hadronisation
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Conclusions and outlook

® Charm hadron v, measurements provide
information on charm quark thermalisation

=

)
=
~

ALICE Performance, Run 3
Pb-Pb, |syy = 5.36 TeV
Recorded

2023: 1535.5ub™
2024: 1544.1 pb™

i
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® Measurements of prompt D v, in Pb-Pb from 30
to 80% below 1 CeV/c
- Ahint of lower D_* v, with respect to D° v, in
semi-central collisions

=
o

Number of collisions (B)

i
o

Integrated luminosity (nb™)
S

—_
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©

~ Common decreasing v, from semi-central Z:_ 6
to peripheral collisions sl )
B 2
® First measurements of prompt A_* v, in Pb-Pb in 0'2;_| N N
30_50% 14Sep 28Sep 120ct 260ct 09 Nov 23 Nov
- Baryon-meson grouping observed in HF
sector
— NQC scaling violated in both LF and HF
sectors
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Define n sets of selections with different
prompt and non-prompt D-meson
contributions

Each set is equivalent to an equation with 2
variables (N )

Each set relates efficiency (€) and raw yields (Y)

tothe corrected yield (N ) ) of
prompt

prompt and non-prompt Ds

prompt’ © “nonprompt

nonprompt

System of equations is overdetermined

- Approximated solution for the corrected
yields obtained by y? minimisation of the
system

- From the approximated solution, the
non-prompt fraction can be estimated
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ALICE

Transport models properties

(stefano.politano@cern.ch)

Models Bulk nPDFs HQ interactions Hadronization Hadron D, Ref.
phase
Boltzmann . . Phys. Rev. C 96 (2017) 044905 (RAA)
CATANIA quasi-particles Langevin Recomb. (Wigner) + Frag. No 3.5-45 Phys. Lett. B 805 (2020) 135460 (v,)
DAB-MOD Hydro viscous .
(M&T) (v-USPhydro) Langevin Recomb. (ICM) + Frag. No 25 Phys. Rev. C 102, 024906 (2020)
Hydro viscous Phys. Rev. C 94 (2016) 014909
LBT (VISHNew) Boltzmann coll+rad Recomb. (ICM) + Frag. No 2 Phys. Lett. B 777 (2018) 255
LIDO Hydro viscous B°“zmcao';|'l;a(;’ge‘"" Recomb. (ICM) + Frag. Yes 2-4 Phys. Rev. C 100, 064911
LGR Hydro viscous Langevin coll+rad Recomb. + Frag. 2-4 Eur. Phys. ). C, 80 (2020) 671
ME;@;§§+ Hydro ideal (EPOS) Boltzmann coll+rad Recomb. (ICM) + Frag. No 1.5 Phys. Rev. C 89 (2014) 014905
PHSD off-shell parton Collisional R b. (ICM) + F Y 4 Phys. Rev. C 93, 034906 (2016) (LHC)
transport ofiisiona ecomp. reg: es Phys. Rev. C 92, 014910 (2015)
Hydro viscous . . . Eur. Phys. ). C 75 (2015) 121 (R, ,)
POWLANG (ECHO-QGP) Langevin coll In-medium strings No 7 JHEP 02 (2018) 043 (v,)
TAMU Hydro ideal Langevin T-matrix (coll) Recomb. (RRM) + Frag. Yes 4 Phys. Rev. Lett. 124, 042301 (2020)
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