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ALICE

Investigating charm-quark dynamics in the QGP
via the charm-hadron elliptic flow in Pb—Pb
* collisions with ALICE




Heavy flavours as probes for QGP

m  Quark-Gluon Plasma

—  Colour-deconfined state of matter expected by o
Lattice QCD to exist at temperature T > 155 MeV S

—  Conditions can be attained in ultrarelativistic
heavy-ion collisions

— At LHC, QGP is formed after r = 0.3 fm/c

—  With decreasing temperature, a dense gas of
hadrons is formed

m Heavy quarks are produced from hard @" ‘@
scatterings befpre the QGP formatlon EPIC 84 (2024) 8. B13
— Interaction with medium constituents o e S S
. ] . . -—- PHSD pQCD LO(as = 0.3)
—  Competing hadronization mechanisms [ ... catana 1& =
o  Fragmentation 15 L ) f
o  Coalescence S LIDO 2
Q —— MC@sHQ+EPOS2 T %
\;10- ’,,*‘" &
. . . . Q et l
m Heavy quark interactions with the medium E o
described by the diffusion coefficient D_ nis
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The elliptic flow observable
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m In non-central collisions the overlap region of

colliding nuclei features an ellipsoidal shape
—  Non-isotropic pressure gradients

m  Modulation of particle yields in momentum space
as a function of ¢-w_ (Reaction Plane)

—  Description via a Fourier series expansion
dN N,

d® = 27‘('(1 + 2?}2 COS[Q(QP— WRP)] + )

D° D*, D_*, J/y and A * v, presented
for different collision centralities

EPS HEP, Marseille, 9/7/2025
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Charm hadron production and elliptic flow

ﬁ ‘ = Charm quark
A . = Beauty quark
@ 4 = Light quark

Expanding fireball

—  c- and b-quarks
acquire flow due to
interaction with
medium constituents
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Charm hadron production and elliptic flow

ﬁ ‘ = Charm quark
A . = Beauty quark
@ 4 = Light quark

/ .\_\ Hadronization

\
\
S \
~ 8 - ! \
~o I 1 \
~ - 1
_______ ‘
l
1
1
\ Z . 1
1
'
'
’

Expanding fireball ‘e
—  ¢- and b-quarks [ Xy 2
acquire flow dueto 7

interaction with
medium constituents
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Charm hadron production and elliptic flow

= Charm quark .
ﬁ : - Beauty quark D Fragmentaft.lon
e &X = Light quark _~% — No additional

{ .\_\ Hadronization / contribution to the v,
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Expanding fireball ‘@
—  ¢- and b-quarks e
acquire flow due to
interaction with
medium constituents
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Charm hadron production and elliptic flow

= Charm quark .
ﬁ : - Beauty quark D Fragmentaft.lon
e &X = Light quark _~% — No additional

{ .\_\ Hadronization / contribution to the v,

\\\ \‘\ I'/ M +
. .8 i 1=10fm/c Ac Coalescence

Yg i) A ! ( > » — Further contribution to the v,
\ from light quarks

Expanding fireball ‘@ y
—  c- and b-quarks @ ’
acquire flow due to

interaction with
medium constituents
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Charm hadron production and elliptic flow

i @ - Charm quark D Fragmentation

= Beaut k
Z;x @ - Beauty quar " — No additional

d R = Light quark . . . .
; .\_\ Hadronization / contribution to the v,

\‘\ II// \\ +
.8 i 1=10fm/c Ac Coalescence

Yg i) A ! ( > » — Further contribution to the v,
\ from light quarks

Expanding fireball I?/®
—  ¢- and b-quarks
acquire flow dueto — A% /777
interaction with D r/ Beauty-hadron decays

medium constituents — c-hadron v, inherited
from b-hadron v,

0
A, /
/\c+ (effect diluted by

decay kinematics)
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Charm hadron production and elliptic flow

ﬁ ‘ = Charm quark o
. . = Beauty quark
S el &X = Light quark el

Expanding fireball

—  c- and b-quarks
acquire flow due to
interaction with
medium constituents
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r=10fm/c / 3 c

Hadronization /

AN

/ Beauty-hadron decays

— c-hadron v, inherited
from b-hadron v,
(effect diluted by
decay kinematics)

Dy
AO
N
<

EPS HEP, Marseille, 9/7/2025

Fragmentation
— No additional
contribution to the v,

Coalescence
— Further contribution to the v,

from light quarks

Subsequent rescattering

among hadrons (hadronic
phase) can contribute to

\ the observed v, /

9
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A Large lon Collider Experiment

Inner Tracking System:

— 7 layers of silicon sensors

— Primary and secondary vtx. reco.
— Tracking

B0 1
F, ALICE Performance

3
=S

D* — K'mn, |y| < 0.8
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Time-Of-Flight:
— PID via time of flight

marcello.di.costanzo@cern.ch
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FTOC:
— centrality determination

— v, resolution

FVO:

— v, resolution

Time Projection Chamber:

— Tracking

— PID via dE/dx

— GEM readout (interaction rate up
to 50 kHz in Pb—Pb collisions)

— v_resolution

2

EPS HEP, Marseille, 9/7/2025

Full 2023 Pb-Pb data sample
o s, = 536 TeV
o Int. Luminosity = 1.5 nb?

Reconstruction channels
(In|<0.8):

o DY—Km*

D - Kmt'nt*

D" — ¢ KKt

A — pKmt

J/IW — p*y” at forward rapidity

(L. Micheletti’s talk, Wed., TO4, 16:40)

Prompt D° l__,

o O O O

= Non-prompt D°

—
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Signal extraction

Counts per 6 MeV/c?

ves{SP, |A|>1.3}

2.5

2.0

1.5

1.0

0.5

0.0

0.50

0.45
0.40

=
w
o

[T rrrrroeT

0.30
0.25
0.20
0.15
0.10

x10°

EALICE Preliminary -
E Pb-Pb, 30-40%, ﬁ =5.36 TeV
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— Total fit function
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e
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Counts per 6 MeV/c?

Vg™ {SP, |A7| > 1.3}
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—ALICE Preliminary
[ Pb-Pb, 30-50%, \/s,,, = 5.36 TeV
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-4 <p, <5 GeV/c

C A+

— Total fit function
---- Combinatorial background

L L I L B B L LR
0.8 < BDT score to be prompt < 1 N
[ v’ =0.181£0.027 ]

— %23 2%
M(pKn) (GeV/c?)

22 225
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@

hiped L

GBoost

Machine learning multiclass BDT

classification
—  Displaced decay topology and PID
information on daughters are exploited
—  Separation between prompt (P),
non-prompt (NP) and bkg candidates

Vv, VS. mass spectrum associated to
each invariant mass spectrum

Simultaneous fit of signal (S) and
bkg (B) v, and mass distributions

B

va (M) =5 (M)+”UzB(M)S+—B(M)

S+ B

11
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Prompt and non-prompt v, extraction

m  Non-prompt fraction estimated via a data-driven method

(Acc x )P (Acc x g)NP AP Y, 01
X — . — :
(ver) -1 |-
(Acc x )R (Acc x z—:) YN N
Acceptance and efficiency for Corrected Measured Residuals
the considered cutsets (N) yields yields

ALICE. JHEP 05 (2021) 220
ALICE. JHEP 10 (2023) 092

The corrected yields are obtained via a x> minimization
The measured v, for a given cutset is expressed as:

obs

Vg +(1 f~p) - Uz

m A linear fit is performed to extract the prompt and
non-prompt values

= fNP UQ

marcello.di.costanzo@cern.ch
Turin Polytechnic & INFN To
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o 0.407

0.05

0.00%

x1 06

ALICE Prellmmary .
[ Pb-Pb {5y = 5.36 TeV, 30-40% .
i D° - K'z* and charge conj. 3

35< p, < 4 GeV/c
e Data

[] Prompt D°

] Non-prompt D°

—— Total =

T T

77

VAL DA S FOE s B S b St P B P
5 10 15 20 25
BDT-based selection

L ALICE Preliminary
L Pb—Pb, 30-40%, Y5y, = 5.36 TeV
:_ D° - K =+ and charge conj.

L 4<p <5GeVic

-
i J
C Ty ]
L \,,

- \jL\E

— Linear fit

 x?ndf=0.36 68% confidence level

I...I...I.:.I...l...l

0 02 04 06 08
Non-prompt fractlon
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Meson elliptic flow

EO5O: T T T T T

D .45 ALICE Preliminary
>

- Pb-Pb |sy = 5.36 TeV m Positivev,

0'405_30—50%, V] < 0.8, |An] > 1.3 Sy = 5.02 TeV, 30-40% E
0.35F e PromptD° =
- ¢ PromptD* ]
030:_ % Prompt D] E
0252_ = Inclusive J/y25<y <4, |An >1.5 _i
0.20F " E
0.15F LA E
- f@—_m_ 4 5
0.10- o, B0 E
== b ]
- a . : H cEj :
0.05F - R riﬁ'
OOO: [ |D| L 1 l Ll -
45107 1 2 3456 10 _ 20

[ (GeV/c)

marcello.di.costanzo@cern.ch 13

Turin Polytechnic & INFN To EPS HEP, Marseille, 9/7/2025


mailto:marcello.di.costanzo@cern.ch

Meson elliptic flow

EO5O: L T T T 1

D .45 ALICE Preliminary E N
> g40r. PPPb 53y =5.36 TeV E = Positivew,
) 35232_50;/:; m:;).e, An] > 1.3 {Syy=5.02TeV, 30-40% _é m  First D measurement below 1 GeV/c
. g ¢ Prompt D* .
030:_ % Prompt D] D°
0252_ = Inclusive JJw25<y <4,|An >1.5 _i
0.20- - -
0.15- g ¥ =
- f@—_m_ 4 5
0.10% oo L Hol =
- —§ E ]
i o I H cEj =
0.05F - ki ﬁ—;
OOO: [ |D| L 1 I I Lo .
4x10™ 1 2 3456 10 20
[ (GeV/c)
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Meson elliptic flow

EO5O: L T T T 1

D g 450 ALICE Preliminary E N
> g40r. PPPb 53y =5.36 TeV E = Positivev,
- 30-50% b < 0.8 Ianl > 13 (S = 5,02 TeV. 30-40% 3 m First DY measurement below 1 GeV/c
0.35 e PromptD -
- ¢ PromptD* n
0.30F & PromptD; DO m Excellent agreement between D° and
0.252_ = Inclusive Jiy 2.5 < y <4, |A7g| > 1.5 T D™ over the measured p. range
0.20F - :
0.151 g # =
- f@—_m_ 4 5
0.10 o L el -
- E ]
[ 5 o I H cEj —
0.05F - ki ﬁ—;
OOO: [ |D| L 1 I I Lo .
4x10™" 1 2 3456 10 20
[ (GeV/c)
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Meson elliptic flow

n 0.50

% 0.45- ALICE Preliminary
> £ Pb-Pb |5y = 5.36 TeV

m Positive v,

U:40 VS = 5:02 TeV, 30-40%
30-50%, ly| < 0.8, [An] > 1.3 VS =5  30-40% :
0350 Pmm:[)o A= 1S m  First D° measurement below 1 GeV/c
¢ Prompt D" 0
0.30F & PromptD; DO m Excellent agreement between D" and

B Inclusive Jy 2.5<y <4, |An > 1.5 D* over the measured p;range

0.25-
0.20E D * m Hint of smaller D_* v, at low p;
0.1 5;_ 1;* —f —  different contribution of hadronic phase?
- = . 4 5
0.10F N N -
- —§ o =HEq: .
T o M :cEj:: 3
0.05F - ti ﬁ—;
OOO: [ |D| L 1 1 Lo -
4x10™" 1 2 3456 10 20

[ (GeV/c)
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Meson elliptic flow

— 050

L 0.45
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C L T T T 1 ]
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- Pb—Pb \s,\ = 5.36 TeV E u
E 30-50%, |y| < 0.8, |An| > 1.3 YSyny=5-02 TeV, 30-40% -
— e Prompt D° - u
- ¢ PromptD* m
- 4 PromptD; D° u
- © |Inclusive Jly 25 <y <4, |An| > 1.5
3 .
- @
3 b5 ¥ § Iy
i_ 8- o e E%ECE _i .
- T ihidancs
C —E&IE— L T .
C o 1 l l Ll a
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Positive v,
First D° measurement below 1 GeV/c

Excellent agreement between D° and
D™ over the measured p. range

Hint of smaller D_* v, at low p;

— different contribution of hadronic phase?

Inclusive J/y v, lower than prompt D v,
atintermediate p_

L. Micheletti’s talk, Wed., TO4, 16:40
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Meson elliptic flow

| o 050_ T T T 11 ]
o - =
% 0.45- ALICE Preliminary = m  Maximum v, values not far from pions
= 0 405_ Pb—Pb \/ SNN = 5.36 TeV _E —  (partial) charm thermal equilibration
" TF 30-50%, [y| < 0.8, |A7g| > 1.3 \/%=~|’>.(|)2 ;esv, 30-40% 3
0.35F e PromptD’ ° m <05, —
C . An| > 2.0 ]
- ¢ PromptD JHEP 09 (2018) 006 7| D° |
030: % Prompt D; .
- o Inclusive Jy 25<y <4, A > 1.5 1| D* |
0.20F 0 u - J/S
- °© o = 3 1 My
0.150 o * g # =
ook oo S : |
) :_ ° = = LA R _:
- ° . i &< v .
0.05- - ti ﬁ—;
OOO: [ |D| L 1 | ! Lol ]
4x107" 1 2 3456 10 20
[ (GeV/c)
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Meson elliptic flow

— 050

D 0.45

>
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|I|II

30-50%, |y| < 0.8, |An| > 1.

ALICE Prelimi
Pb-Pb |5y, = 5.3

m  Maximum v, values not far from pions
—  (partial) charm thermal equilibration

m Clear mass ordering below 3 GeV/c

—  Expected from hydrodynamic picture
—  m(/y)>m(D_) >m(D° = m(D")

e Prompt D°
¢ Prompt D*
% Prompt D;
= Inclusive J/y 25 < y

4x107" 1 2 3456 10 20

ALI-PREL-596279

[ (GeV/c)
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Meson elliptic flow — hadronization

m  Maximum v, values not far from pions
—  (partial) charm thermal equilibration

m Clear mass ordering below 3 GeV/c

—  Expected from hydrodynamic picture
—  m(/y)>m(D.) >m(D = m(D*)

m Larger v, for open- than hidden-

charm states in 3 < p. <8 GeV/c
—  Expected by hadronization via coalescence

4x10™" 1 2 3456 10 20
pT(GeV/c)

ALI-PREL-596279
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Meson elliptic flow — hadronization

— 050

D 0.45

>
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00 |

4x107 1 2 3456 10 20
pT(GeV/c)

TeV, 30-40%
0.5,
0

9 (2018) 006

&
%

ALI-PREL-596279

marcello.di.costanzo@cern.ch
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Maximum v, values not far from pions
—  (partial) charm thermal equilibration

Clear mass ordering below 3 GeV/c

—  Expected from hydrodynamic picture
—  m(/y)>m(D_) >m(D° = m(D")

Larger v, for open- than hidden-

charm states in 3 < p. <8 GeV/c
—  Expected by hadronization via coalescence

Common v, > 0 for p. > 8 GeV/c

— In-medium energy loss
—  Fragmentation dominates over coalescence

21
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Meson elliptic flow — centrality dependence

o 0.40F T TTTI N i = i L = L ' i
(‘9& " 355_ ALICE Prellmlnary 30—400/0_55 vs_NN= 5.02 TeV, |y| < 0.5, jAn| > 2.0 40-50% F n*: 60-70% 3
> Voo Pb-Pb ¥ o« (JHEP 09 (2018) 006) : D: 60-80% 3
0.30E V5w =536 TeV, [y| < 0.8, |an| > 1.3 F F E
““F e PromptD’ ¥ ¥ =
0.25F ¢ Prompt D* = = = =

F 4k PromptD; T ooqub : = 2

0.20F . 0° ;‘bo + o° = =

3 o e F G° . E 3

R | % M F AN & : :
D.IDE é ' +. @ _+. :g: =% 03
Fo 1O T =

0.05F E3 = :ﬁ:i‘ }_‘
0.00f = i: :
_0'05:1 L1 1 1 1 1 1 1 a3l 1 ::l 11l 1 1 1 r 1l ::1 1 i1 1 | L 1 1 ljlll:
5x107" 1 2 3 4567 10 20 1 2 3 4567810 20 1 2 3 4567 10

P, (GeV/e) p, (GeV/c) p, (GeV/c)

m Centrality dependence of v,
—  transport properties of the QGP

m Flatter trend in 60-80%
—  Sensitive to thermal equilibration of charm quark in
a shorter lived fireball?

marcello.di.costanzo@cern.ch 22
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Comparison to model predictions — Prompt D°

n v, compared with transport model
predzctlons

m Model differences:

—  Balance of coalescence and fragmentation
Hadronic phase implementation
Diffusion coefficient D_

Ll

Underlying hydrodynamics

m High data precision: significant
constraints to model features

TAMU: PRL 124 (4) (2020) : EPJC 80 (7) (2020) PHSD: PRC 93 (3) (2016)
CATANIA: PRC, 96 (4) (2017) POWLANG: EPJC 82 (2022) 607
: EP]C 81(2021) 1035 LBT+PNP: PLB 838 (2023) 137733

marcello.di.costanzo@cern.ch
Turin Polytechnic & INFN To

| = 1.3}

t

V{SP, |A

EPS HEP, Marseille, 9/7/2025

R T T —

0. 35— ALICE Prellmlnary ¥ <0.8 -
- Pb-Pb s, =5.36 TeV, 30-50%
0.30F | prompt D°
0,251 Transport models \Syy = 5.02 TeV
TAMU LGR — PHSD

0.20 — Catania mimn POWLANG Langevin

----- LBT+PNP

IIII|II|I[IIII|IIII|IIIIIIII!

II\II{IIIIIIIIIIIIII]IIIIIIIIIII
N
!

L1

1

2 3456 10 20
pT(GeV/c)
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Comparison to model predictions — Prompt DS+

:—‘mh 0407 T T T T T n 6;‘\) 030_ T T T 1T T L B B | ]
) ALICE Pl’e“mlnary vl <08 1 = C ALICE Prellmlnary vl <0.8 .
A 0.35, o ] A - Pb-Pb, 30-50%, |Sy, = 5.36 TeV B
A PP Po-Pb |5, = 5.36 TeV, 30-50% 1 =025 :
S 030" . Prompt D" 4 S [ PromptD TAMU |s,=502TeV -
- C S ] - = ° D D -
%‘ 0.25i Transport models |s, = 5.02 TeV E %ﬂ 0-20:_ + D D: B
= . TAMU ] S - e ]
0.20- — PHSD E 0.15- L gt .
- i POWLANG ) ] [ Jy % ]
0'15? L ETY E 0.10- & i
0.100 7 EL . : N !H:* fiE
- fo — 1 oos  —E JLE
B E \\\\\\\\\\\ % E E —$— T E
000_ (! \k\\‘\\\\ | | \ Lo B 000 Lol | L Ll s
6x107" 1 2 3 4567 10 _ 20 4x10" 1 2 3456 10 20
TAMU: PRL 124 (4) (2020) p, (GeV/c) p, (GeV/c)

: PRC 93 (3) (2016)
POWLANC: EP|C 82 (2022) 607

m D vs DY sensitive to: strange quark dynamics in QGP medium, coalescence and
hadronic phase interactions

m TAMU predicting opposite D;/DO hierarchy with respect to data? M.Heetal PRL110 (2013) 112301

marcello.di.costanzo@cern.ch 24
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Charm baryon flow

"‘“‘0.35_''|"'|"'|"'|"'|"'|"'"""""'|III
™ .
i - . ] m First prompt charm baryon v, measurement
R 0_3__ALICE Preliminary 3 ' o 2
= | Pb-Pb, 30-50% DO A+ - in Pb—Pb collisions
< - c N
e 0.25 sy = 5.36 TeV E
o 02 H[H E B m Compatible with D° within uncertainties for
0.150- $* . p; < 4 GeV/c
- = .
0.1 = =+ E . . ey .
= o= =N mwrwm| } - m First evidence of meson-baryon splitting in
0.05F — - . g
& ] the charm sector with 3.60 significance for
11 | 111 I 111 | ik | 111 I 111 | 11 | 111 I 111 | 11 I 111 | n
024768 10 12 14 16 18 20 22 24 pr >4 GeV/c
P, (GeV/c)
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Meson—baryon splitting

m  Comparison with light flavour hadrons

S 0.4:"'|'-'|"'|'"|"'|"'|"'|"'|"'|"'|"'|"':
0.35F ALICE Preliminary v, {sP, ani>13}, {§,=536Tev 3 .
" E Pb-Pb, 30-50% * Prompt A; . m Mass ordering at low p.:
0.3 P e Prompt D° 3
- - v2{2 A7l > 08}, (S =502TeV ] — v, (KSO) > vz(A) > vz(DO) ~ vZ(AC+)
0.25( " A) JHEP 05 (2023) 243 E
0 2:_ g E]l o K° JHEP 05 (2023) 243 ] iy .
< $ﬁ JEBEJ : m Baryon-meson splitting at higher p_,
0-155_% : favouring coalescence hypothesis
0-1;}[‘ -E— E
0 052“i == |;| Jf _:
SN ] : @
0=t K
0 2 4 6 8 10 12 14 16 18 20 22 24 0
p. (GeVic) O) 5 @
u
: @@ 90
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Comparison to model predictions — Prompt A *

LELIN LB LR LR B L

L L B ILELEL LR R

III|I|IIIII|lII|III|III|IIIIIII|IIIIIIIIlllllllll

ALICE Preliminary = PromptD° ®  Prompt A7
T | 2 TeV Transport models, =5.02 TeV
Pb-Pb, 30-50% ransport models, {5, = 5.02 Te Vs
=+« POWLANG HTL D° =+ POWLANG HTLA; = = LBT-PNPA; ]
YSun = 5.36 TeV POWLANG 1QCD D° POWLANG IQCD A} === Langevin A;
== [BTPNPD° =  F+  amgh """ EPOS4HQ A¢ Catania A}
=== Langevin D° TAMUA;
------- EPOS4HQ D° | ﬁ.,
} :«\__-" Catania D’ JOM b
b TAMU D° (R
| Vi Lo -!‘v, X {’, S
l' \.ﬁ - Wi e
q 4:@.' f_|.= ; } R | R

IlJlIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-

_______

N_
N
asE
o

1012141618202224 2 4 6 8 1012 14 16 18 20 22 24

P, (GeV/c) P, (GeV/c)

TAMU: PRL 124 (4) (2020)
CATANIA: PRC, 96 (4) (2017)
POWLANG: EPJC 82 (2022) 607

LANGEVIN: EPJC 81(2021) 1035
LBT+PNP: PLB 838 (2023) 137733

m Most models are able to describe the /\C+ v within uncertainties

2

—  Uncertainty reduction expected from analysis of 2024 and 2025 data samples

m New inputs for hadronization implementation in theoretical models
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Towards the beauty sector

TAMU: PRL 124 (4) (2020)

T T 1T 7T I T IIIIII|

| L '
- ALICE Preliminary ly| <0.8
" Pb-Pb \s, = 5.36 TeV, 30-50%

0.4 m Positive non-prompt v, lower

than the prompt one

v.{SP, |A7| > 1.3}
o
w

D° TAMU s, = 5.02 TeV
e Prompt Prompt D° . .
o B m >>m — longer relaxation time
0.2 e Non-prompt Non-prompt D b C
’ -0
-0 ——

Prompt D° Z_,

L L B B B
$+
A
By
=
o]

s PV
00 =R+—"—""""""""—1 | 4 Non-prompt D°
Z T~
_0.1 | | I I | | | | | | I I | | _I__ v’
4107 1 2 3456 10 20
P, (GeV/c)
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Towards the beauty sector

&= Q4 TS .
(ap)} - -
1/_\- 0.35-ALIGE Preliminary  » PromptD’ E | A.\cces.smg beautty baryon v, for the
< 035 Pb_Pb, 30-50% o Non-prompt D° E first time ever via
a E ’ » Prompt A} g
o 0-25F VS = 536 TeV o Non-prompt A} E
2 02 ﬂ{ﬂﬂ} = m Consistent v, for non-prompt for DO
= 0.1505 H$ - ] and A"
0.05 .H_H. %%_ T_ L I I _; Prompt A" %
; I + 5 PV
-0.05 =
_0 1:I 1 II IIIIIIIIII | 111 | 11 IIIIIIIII | 11 | 1 IITIIIII 1 I: \\\\\\\
2 4 6 8 10 12 14 16 18 20 22 24
p. (GeVic) g
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Summary and outlook

m Information on charm quark interaction with the

Py 0.40 T T 17T I T T T T LI T
i o B .. ]
medium through charm hadron v, measurements & o ALICE Preliminary ]
~x 0.35 —
> - Pb-Pb \s,, = 5.36 TeV, 30-50% .
m Prompt D-meson v, measurements in Pb—Pb from 0.30[ TAMU =
. 2 - % Prompt A, © Prompt D° Ad D’ 7
30 to 80% centra l.lty 0.25[~ # Prompt D! = Inclusive Jiy D; Jhy —
—  First measurement below 1 GeV/c for D° 0.20:_ $ 4
—  Decreasing v, from semicentral to peripheral collisions 0 155 % ]
— Hintofv, (D) < vz(Do) in semi-central collisions E :H:L ‘ ]
010:_ —@— o i Iﬂzgp u o _:
. . . - Y S .
m  First measurements of A * v, in Pb-Pb in 30-50% 0.05F- #'ﬁ T UE
r——=— 11 1
—  Baryon-meson splitting observed in HF sector 0 00—___” ______________ |
UL D, ALl <08 AN > 1.3, Jy:25<y <4 An > 15 ]
C o 0l I L L L

. . . _ 1
m  Analyzed int. luminosity of 1.5 nb™%, more to come: 4x10 1 2 3 4567 1O(G \3? )
ev/c
— Int. lumi. 2024: 1.5 nb!, expected int. lumi. 2025: 2.6 nb! Pr
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Transport model properties

Models Bulk nPDFs HQ interactions Hadronization Hadron D, Ref.
phase
Boltzmann, . . Phys. Rev. C 96 (2017) 044905 (R,,)
CATANIA quasi-particle Langevin Recomb. (Wigner) + Frag. No 3.5-45 Phys. Lett. B 805 (2020) 135460 (v,)
s
DAB-MOD Hydro .
(M&T) ViSCoUS Langevin Recomb. (ICM) + Frag. No 25 Phys. Rev. C 102, 024906 (2020)
(v-USPhydro)
Hydro Phys. Rev. C 94 (2016) 014909
LBT VISCOUS Boltzmann coll+rad Recomb. (ICM) + Frag. No 2 Phys. Lett. B 777 (2018) 255
(VISHNew)
LIDO Hydro viscous B°ltz'|'_‘a"" . Recomb. (ICM) + Frag. Yes 2-4 Phys. Rev. C 100, 064911
angevin
coll+rad
LGR Hydro viscous Langevin coll+rad Recomb. + Frag. 2-4 Eur. Phys. J. C, 80 (2020) 671
MC@sHQ+ .
EPOS? Hydro ideal (EPOS) Boltzmann coll+rad Recomb. (ICM) + Frag. No 15 Phys. Rev. C 89 (2014) 014905
Off-shell . Phys. Rev. C 93, 034906 (2016) (LHC)
PHSD parton Collisional Recomb. (ICM) + Frag. Yes 4 Phys. Rev. C 92, 014910 (2015)
transport
Hydro . . . Eur. Phys. J. C 75 (2015) 121 (R,,)
POWLANG VISCOUS Langevin coll In-medium strings No 7 JHEP 02 (2018) 043 (v,)
(ECHO-QGP)
TAMU Hydro ideal Langevin T-matrix (coll) Recomb. (RRM) + Frag. Yes 4 Phys. Rev. Lett. 124, 042301 (2020)
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Comparison to model predictions — Prompt D°

m DO v, cgmpared with transport models < 0_35_ A|_|C|E Pre“mmary | y]<0.8 ]
predictions 2 [ Pb-Pb |5, = 5.36 TeV, 30-50%
—  Model differences: coalescence and hadronic phase ﬁt 0.30 « Prompt D°
implementation, adoption of nPDFs, underlying hydro 5~ 0.95 Transport models |[s, = 5.02 TeV
—  High data precision allows for constraints to D “wa‘ ' TAMU LGR — PHSD
. . ° > 0.00F — Catania win POWLANG Langevin
m LGR, Catania, and LBT+PNP overestimatedata @~ """ ... LBT+PNP

for p; <3 GeV/c

m Good agreement for TAMU, Catania, LGR in the
range 3 <p,. <5 GeV/c

lIIlll[lllIlllIIIIlIIlIllllll[

—  Suggest the critical role of coalescence/recombination
and of space-momentum correlations

DI\II]IIIIIIIIIIIIIIIIIIIIIIIIII

L1e )

|

m  All models except PHSD describe data within 4107 1 2 3456 10 20
uncertainty for p_ > 5 GeV/c p. (GeVic)
—  Fragmentation dominates hadronization at high (ol TAMU: PRL 124 (4) (2020) | GR: EP|C 80 (7) (2020) PHSD: PRC 93 (3) (2016)
CATANIA: PRC. 96 (4) (2017) POWLANG: EPIC 82 (2022) 607
marcello.di.costanzo@cern.ch - EP|C 81(2021) 1035 LBT+PNP: PLB 838 (2023) 137733 33
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The scalar product technique

> =¢e'™?, unit flow vector of the
candidate with azimuthal angle ¢

Q.4
(un ’ M,’A ) Three detectors define 3 sub-events A, B, C,
Un {SP} = where M represents the particle multiplicity
QA Q;; B\, Qn,A Qn C and Q_ the harmonic flow vector defined as
(317 15 Ny 315 ) |
(Qn,B Qn C ) Qn = Z wkezn(bk
Mp MC k=1
Resolution term, accounts for finite angular resolution in the
estimate of the symmetry plane harmonic through the flow
vector due to finite particle multiplicity
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Number of constituent-quark scaling

QU' L R i L T ] | "I_-

m No clear universal scaling of K " 1'8 ALICE Preliminary v, (2, [7] > 0.8}, f5., = 5.02 TeV
Vz/”q between mesons and 0' (EPb-Pb,30-50%  °KY JHEP05 (2020243 &
baryons observed in LF or HF 0.14 “AR) JHEP 05 (2023) 243 :

V5 (SP, [A7)] > 1.3}, Sy = 5-36 TeV .

0.12 * Prompt A} - ]

- * Prompt D e :

o o T e,
® @ 0.06F- o 73}{5 HPom ¢ 4

d © © @ 0.04F 4 H g

S \ @@ 9 T F gy E!El H4
0.02F . .

C-_E_ i d & yaeeal T i

3x102  107'2x10™ 1 2 345 10
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Towards the beauty sector INITE 2

f-'m‘ﬁ 0_30_ T T 1T | .I . I T T T 1T T T ]
i - ALIGE Preliminary vl <0.8 ]
A 0.25F Pb-Pb |5y = 5.36 TeV, 30-50% E
i 0_205_ « Non-prompt D° _E N
o’ - Transport models, {sy = 5.02 TeV ] m Positive non-promptv,, lower
% 0'155_ [{E“g“ — than the prompt one
0.100  LGR =
005 [T m mﬂﬂﬂ H E m Models compatible with data
Jﬂ} i within uncertainties
0.00F=F=—————————— ]
o B : (4) (2020)
-0.05 C ] I@glzj P;Féhgg (301%3%064911
0 10: | TTI | | | o _| | ] LGR: EPIC 80 (2020) 12, 1113
4107 1 2 3456 10 2030
P, (GeV/c)
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