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Introduction: R, ey,

= D meson yields strongly suppressed in central HI collisions

m Different nuclear modification factor of HF mesons and light-flavour particles at low
and intermediate p,

= |nterplay of several effects
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Introduction: v,

= D meson, b » e v, > 0, mass ordering at lower p.

= Strong HF quark coupling with the medium
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Quantitative understanding:
comparisons with model calculations



Open charm v, vs models o

= Models tend to underestimate v, data in mid-central collisions at p,2-6 GeV/c

m Better description for the most central collisions
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HFE v, vs energy

= Significant non-zero v, at 54.4 GeV of ¢c,b - e, similar to v, at 200 GeV

= HF(c) quarks interact strongly with the medium in 54.4 GeV Au+Au collisions
= At low p, models lower than data
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Open charm R,, vs models

m Reasonable agreement with many models, especially at intermediate p,

= Simultaneous description of R,, and v, is challenging for the models

(5.02 TeV PbPb, Centrality 0-10%)
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Spatial diffusion coefficient i

= D_ extraction: data-to-model comparison
m Data prefer strong coupling

= ALICE new constraints: 1.5 < 2nD_T_ < 4.5 (models that reasonably describe R,, and v, v,)
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Open charm R,, vs models (2)

= Radiative energy loss important to describe intermediate and high p.
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Open charm R,, vs models (3) ey,

= Hadronisation via recombination important to describe low and intermediate p_
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Separation of charm and beuty A,

= Beauty R,, > charm R,, at intermediate p, —» suggesting larger en. loss for charm quarks

= Consistent with quark-mass dependent energy loss and coalescence
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Open beauty v,_,v,

L eNe
\/EUEU
= beauty v, > 0 - consistent with model predictions
= Non-zero v, with weak centrality dependence
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Charm hadrochemistry: D A
S \IE.E
= Enhancement in D_*/D° ratio compared to pp
m Consistent with models including strangeness enhancement and charm quark
coalescence + fragmentation
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Charm hadrochemistry: A_

m Recombination: enhanced production of baryon w.r.t. mesons

= Enhancement of A_/D° w.r.t. pp collisions —» recombination with light quarks, radial

flow push ?

m Centrality dependence described by model with fragmentation and coalescence
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Total charm production cross section £/\

\/EUED

> Total charm production cross section per binary collision in Au+Au at \/sNN = 200 GeV.
= Consistent with p+p collisions.

Collision System Hadron do, /dy [pb]
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D, [2] STAR, Phys. Rev. Lett. 127 (2021) 092301

p+p at200 GeV [4] | Total |130£30+26 0/l sescoomos

* Preliminary D*" results
** A\ cross section derived from A /D° yield ratio
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Radial profile of D In jets

® Diffusion of charm w.r.t jet axis = interaction mechanisms between hg and
medium, coll. vs rad. en. loss, sensitivity to D

® Hint of broader radial distribution in AA w.r.t. pp

27.4 pb™ (5.02 TeV pp) + 404 ub ™ (5.02 TeV PbPb)
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D° directed flow, v,

Large D° directed flow v, vs y

Interplay between effects of the
rapidly decreasing magnetic field
and the initial tilt of the source

dv,/dy slope:

e RHIC: Negative, similar for D® and DP°par

e LHC: Positive for D° and negative for
DObar

dAv, /dy(D°-D°2r) slope: negative at
RHIC, positive and larger at LHC

Tilt dominance at RHIC ?

Trend compatible with hydrodynamic
model with EM, but larger v, magnitude
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Summary A

m Heavy quarks interact with the medium via collisional and radiative processes
= |ndications of mass dependent energy loss

m Strong coupling of heavy-flavour quarks with the medium from 54.4 GeV up to 5.02 TeV,
HF quarks participate in the collective motion

m Evidence of charm quark hadronization via coalescence

® Measurements are getting more precise and differential = constraints on theoretical
models and extraction of the medium properties

Thank you ! B GACR
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D%-meson tagged jets

2 R_.: strong suppression at low jet p_, hint of increasing trend.

2 Ratio of radial distributions consistent with unity — hint of broader distribution.
Potential to go to lower D° p._.
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Constraining D,
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Dv, and vV,

ALICE +

@0.30
~0.25F 3

0.15F

o Tt
r [+
0.101 S
o.osw
000 ‘b_____

- Pb-Pb, |s,,, = 5.02 TeV E 4

19,

—0.05: Centrallty 0-1 O% $ i} Centrality 30-50%

[ [ Syst. from B feed—down

RS R LS R R ™ = [ X i
4 & [ ALICE
[ ] Syst. from data 1 3 20F Pb-p 502 TeV
[0 Syst. from B feed-down é‘o' OF Po-Po. (5= 5.02 T
1 agqsf ® Promet D°, D', D** average, |y|<0.8
4 27 F [Syst. from data
E

o 3_ .
QO-SO; . Prompt D° , D , D* average, |y|<0.8

005 Va{SP. [AnI>0.9) F
Fom J/y, 2.5<y<4 i
0.20F v, {SP, |An|>1} arXiv:2005.14518 T
0.15F +

0.10F
0.05F
0.00

~0.05F

Py (GeV/c)

ALICE, Phys. Lett. B 813 (2021) 136054

HF2022 | Open HF Exp | B.Trzeciak, Oct. 18, 2022

f - Centrality 30-50%
T | I T A 1 N .
BAMAMAA Aaasnanasnasos e IR — -+ i
v, {SP, |An|>2} JHEP 1809 (2019) 006 | < : TAMU MC@sHQ+EPQS2
+ 1 Zo.20F PHSD G
+ T, |y|<0.5 d =YY .
0.5 1 =2 - = Catania
+ p, ly[<O0. 3 ook ———-- POWLANG HTL
1 L7 DAB-MOD M&T BAMPS el+rad
1 = F e BAMPS el
1 0.10
]75 0.05F
] 0.00
4  -o.0sf
30 35
GeV/o) 1 2 3 4567810 20 30 1 3 4567810 20 30
p, (Ge p. (GeV/c) p. (GeVic)
22



. S B S R B B R
% 030k ALICE

Pb-Pb, 5 = 5.02 TeV

Prompt D°, D*, D** average
ly|<0.8

CJsyst. from data Centrality 0-10% 7

Syst. from B feed—-down

2 030k ———— POWLANG HTL

T POWLANG IQCD

5 025 DAB-MOD M&T
- womemn: DAB-MOD E__

& 0.20F == Catania

=" 0.15

—0.05F 20% small-q,(&,)

¥ unbiased

[T A FEE FEEE AR FEw | e k.

20% Iarge-qz(ez)

p_ (GeV/c)
ALICE, Phys. Lett. B 813 (2021) T

HF2022 | Open HF Exp | B.Trzeciak, Oct. 18, 2022

o I Lo
2 4 6 8 10 12 14 162 4 6 8 10 12 14 162 4 6 8 10 12 14 16

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

23



Open beauty R, ,

m Access to low p, beauty hadron R,

Raa

T S Gy N
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Non-prompt J/y, Pb—Pb, |5, = 5.02 TeV, 0-10%
s ALICE, J/yv — e'e, |y| < 0.9
¥ CMS, J/y — p'u, ly| < 2.4 (EPJC 78 (2018) 509)
e ATLAS, J/v — p*u, ly| < 2.0 (EPJC 78 (2018) 762)

*  ALICE Non-prompt Do, 0-10%, (DR K%, ly| < 0.5 (arXiv:2202.00815
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Charm vs beauty R,, at LHC

CF

,.‘{—};\

A

\/"EZ&E

= Beauty R,, > charm R,, at intermediate p, —» suggesting larger en. loss for charm quarks

m Tension between models and ATLAS muon data

g 2 L] I LI ) L ] I L] LI L I LI | LI ) I | ) T L] L ] I L] ] L] L ] I
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B, B. R, in AA

= Hint of an enhancement of the B_.°/B* ratio in PbPb w.r.t pp

25
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m Upcoming LHC Run3,4 will provide more information on beauty quark hadronization
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B. R, in AA s

= Hint of enhancement of the B.° in PbPb w.r.t pp at low p.— beauty-quark hadronisation
via coalescence

cs.\ E;_(): LI I I | | T T T | T T T T | T LI | LI T T | :
o  _t ALICE Preliminary ]
E L, of 0-10% Pb-Pb, s, = 5.02 TeV E
§ 3.5C ® data E
2 30F TAMU
< 25F =
5 20 D° from B E
E 150 - 3
s F ' 1
c 10F—————— —H—"— ——
o E ]
= o ]
é 05:_ open markers: pp extrapolated reference _:

o E S IR RN SR PR
0 5 10 15 20 25

P, (GeV/ce)

ALI-PREL-486723

m Upcoming LHC Run3,4 will provide more information on beauty quark hadronization
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Heavy flavour in HI collisions &%m
m Heavy-flavour quarks (c,b), m, >> A ., T..,: produced in initial hard scatterings, no
thermal prOdUCtion Collisional Radiative

energy loss energy loss

® |nteractions with the medium - parton energy loss, flow

2> Constraints on energy loss mechanisms (collisional/radiative process) E iwe
e | E-a

> Direct access tomedium transport coefficient: D_(2xT)

D-meson decays

D-meson diffusion in
+ 10  hadron phase

-~

c-quark hadronization

T (fm/c)
'
o1

c-quark drag and diffusion
in QGP

(to< 1 fmlc)

=(0.5 Hard production

- 0 Initial conditions, nPDFs, ...
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Anisotropic Flow in Hi

m Collision geometry: initial spacial anisotropy

m Multiple interactions between the constituents of the medium -
azimuthal momentum space anisotropy of particle emission, flow

d*N
+ 2Un cos o
prdpr dydqb 27rpT de dy [ Z 935 EP

p—

)| v, = (cosn(p — 1))

2 =y
Sty =
5[ Z
Reactiongg © |='f1-planQ' )
plane :‘ X
-"‘-. :"'; P~
\.""-\ ) ) f"_.-’ ’]v .
' 0 ¢ 27

= Heavy-flavour elliptic flow, v, |
& —7 \ larger

e Low p,: Collective motion of the system, c-hadron | particle
. . | density

hq thermalization ? Rl
e High p,;: Path-length dependent parton energy loss

. smaller particle
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Directed flow, v,

® |nsights into initial tilt of matter and strong EM field in non-central HI collisions

Tilt

v1 = (cos(Pp)) = (p/pPr)

By

EM field
Charged-dependent v,
Sensitive to QGP conductivity

Force exerted by a magnetic

Competing effects
z X

Ex

/. n>0

= Faraday effect

FECTLLLLIN

B field on electric charges
(quarks)

z

n>o0

F x ™ Hall effect
Lorentz force

~&— Enhanced dipole asymmetry I ey Esfltcr;il f;zld ;g:ic::girges
----------- decreasing B N<0 F=qVxH
m V.. sensitivity to the three-dimensional OB
. . s " NP L2 =SS F=gvxB+g¢-E
spatial profile of initial conditions and
- . . . . ositive pions
pre-equilibrium early time dynamics in e o002 D Faraday + Hall
the evolution A0 T Faraday only
®m Heavy-quarks: ,
e produced early, shifted from the bulk \ ]
e formation time comparable to when B is maximum a4
~0.0002" Y
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