Heavy-flavour flow and
event-shape engineering
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Azimuthal anisotropies of HF particles in the QGP

® A colour-deconfined medium, called quark-gluon plasma (QGP) is created in ultrarelativistic heavy-ion collisions
® The initial geometrical anisotropy is transferred to a momentum anisotropy by the pressure gradients
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® Azimuthal anisotropy in HF hadron production
= Participation of charm and beauty quarks in the collective motions and their possible thermalisation
= Study path-length dependence of in-medium parton energy loss
= Sensitivity to initial-state event-by-event fluctuations
= Probe strong initial electromagnetic fields in the QGP
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D-meson azimuthal anisotropy vs.
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transport models

® Transport of charm quarks
expanding medium via Bo
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inan hydrodynamically
tzmann or Langevin equations

= |nteractions of charm quark in the medium

- Low pr: elastic scatteri

collective motion from

1gs contribute to transfer

light to charm quarks

- High pr: path-length dependence of energy loss

= Hadronisation of charm ¢

- Recombination with f
charm-

& LIDO: PRC 98 (2018) 064901
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Charm vs. light elliptic flow
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® D-meson v; studied as a function of average
event flow with event-shape engineering
technique

~ Positive correlation between heavy
and light hadron v,

> Sensitivity for charm to event-by-
event fluctuations
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ESE elliptic tlow ratios
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® Initial strong electric (magnetic) fields are expected to produce a charge dependence in the elliptic (directed) tflow

= Charm quarks ideal probes due to their early production
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® Positive v, of leptons from beauty-hadron decays both at low and high pr
= |ndication of participation in the collective motions of the system
= Lower than charm (larger mass)
-

Expected contribution from hadronisation via coalescence with light quarks from the medium
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® No indication of positive v3 of muons from beauty-hadron decays neither in central nor semicentral collisions
= Compatible with very low v; predicted by DAB-MQOD transport model
= Lower prrange important to draw a firm conclusion
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® v, of Y(1S)and Y(2S) compatible with zero within large uncertainties in all the prand centrality intervals measured
= No contribution from coalescence with light quarks from the QGP
= Does beauty quark flow?
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® Charm-quark flow: positive v, and v3 of open and hidden charm mesons, correlated with light hadrons
= |ndicate significant degree of thermalisation of charm quarks in the QGP
= ndicate sensitivity to initial-state event-by-event fluctuations
= Contribution from charm-quark hadronisation via coalescence

® Search for strong early electromagnetic fields in heavy-ions
= Electric field: no significant D-meson charge-dependent v;
= Magnetic field: hint of D-meson charge-dependent v,

® Beauty-quark flow: positive v, for open-beauty hadrons, no significant v, for bottomonia
= Does beauty quark flow?
= Only contribution from beauty-quark hadronisation via coalescence?
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® QCD calculations on lattice predict a phase transition from

the ordinary nuclear matter to a colour-deconfined medium,
called quark-gluon plasma (QGP)

= created in ultrarelativistic heavy—ion collisions

= very high energy density e > 15 GeV/fm?3

= after a pre-equilibrium phase expands hydrodynamically

® Heavy flavours: produced in shorter time scales than QGP formation time

= THE = him = 0.05-0.1 fm/cdepending on Pr } HF experience the

= Ta6pform (LHC) = 0.3 fm/c
5 PRC 89 (2014) 034906

full system evolution
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® HF propagate in the QGP with a Brownian motion

fime = interact with medium constituents
<2 = |oose energy via elastic collisions and
VAL fiat
o G radiative processes
= heavy-quark thermalisation in the QGP?
c-quark ® |
quar :|i b-quark

= 7y s h/m = 0.05-0.1 fm/c depending on pr

= TQGP form (I-HC) ~ 0.3 fm/c
PRC89(2014) 034906

space

Ca)

[
"= TQGP lifetime = 10 fm/c
PLB 696(2011) 328-315
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® Competing mechanisms for the HF hadronisation in the QGP

time |
) 1. Fragmentation Dy—n(zq, Q%)
) 33;:@ = energy-loss of partons while traversing the QGP modifies fraction
:\\_@Q of the parton momentum z, taken by the hadror
D\ B - equal for all hadron species

2. Coalescence

= partons close in phase space can recombine into hadrons
= quarks with different mass coalesce if have similar velocities

.‘$ S PRL90(2003) 202302
. - S PRL90 (2003) 202303

' S PRC 67 (2003) 064902
‘ : ‘ S PLB 595 (2004) 202-208

® Statistical hadronisation model
= Hadrons emitted from the interaction region in statistical equilibrium at
the QGP phase boundary S5 PLB (2008) 659:149-155
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® QOriginated by two competing

& S.K. Dasetal, PLB768(2017) 260-264 offacts:
0.25 | | 1 T T T T 1 T '3
0.2 E Hall drift (E=0) =
E Faraday current (B=0) :
0.15F =~ - - :
- i ST = Faraday effect: electric
0.1F \ = C g
; M )y R i field induced by
0.05 | N _Z - =
> O o vewem e me i mims e e mememenes N aecreasing B
> - - S -
0.05F 2 A e
S pad \ .
i, — \ i -
0.1 - \ // \\ .
0.15F -7 = 2
02 =
_0.25 b | . | L & 0§ 0 5 U 5 1 5 1 5 [ 57

= Hall effect: Lorentz force
induced by moving

charges F = gV X B

25 -2 -15 -1 -05 0 05 1 15 2 25
Y
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® No significant difference between D* and non-strange D mesons within current uncertainties

a | | | | | | | | | | | | | | | | | 11 [ I I
o 0.4 ALICE yl<08 —+ _
A | 30-50% Pb-Pb, |55y = 5.02 TeV | 0 TAWU _
ﬁh ¢ Prompt D PHSD
83 e Prompt average D°, D*, D** T -
SE 1 -
0.2 ~ _
ﬁk#_
i £ _
. O -
@
0.0 ?
Syst. from data
_I | “I Syst. from B feed-down | -
1 2 3 4567810 20 30 40 2 3 4567810 20 30 40
ALI-PUB-498474 P (GeV/c) P- (GeV/c)

&2 ALICE prompt D: PLB 813 (2021) 136054 &2 ALICE prompt D.*: arXiv:2110.10006
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Event-shape engineering for the D-meson elliptic tflow

F. Grosa (CERN) 23
fgrosa@cern.ch 15

S PLB 813(2021) 136054

Q\

S 12

RN N RN R L RN RN R R A AR NV QL
- ALICE Pb-Pb, {5, = 5.02 TeV Centrality 30-50%
o (q) e Uunbiased -
10 2 - 310°

. — 20% s.mall-q2 1 =

| ----_20% large-q,
g = il
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Centrality (%) q,
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<V2> small—g, < <V2>unb

® The event-shape engineering
(ESE) technique relies on the
classification of events at a
certain centrality according to

the magnitude of the second-

harmonic reduced flow vector:

4qr = |§2V\/M

M
—_— .
Q2 — E elZ(pj

j=1
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osl B ACE g Fropogsuosoetey ove) ] ® Charm-quark production time comparable with
: . ") maximum of magnetic field created in heavy-ion
I T ® $ é I collisions s K Dasetal, PLB 768 (2017) 260-264
> O Boeenonenene L I R $ """" $— < A. Beraudo et al, arXiv:2102.08064
| 5-40% ; B é 10-40% - : :
OS-pr>o.2Gewc . 3<p <6 (GoVIc) = (Charge-dependent directed flow ideal
—0.9[bars: stat. uncert. 1 — .
- bores (ledemoy): oyt uncer Goruncory oy Metesomeree observable to study early magnetic fields
0.5 —+ =
. x [V (h") = v()] o V(D" - v,D) &
j T | @ Indication of y-dependent charge difference
;1_ OF--------- $_ SCo=F ﬁ" """"""" $ """"" = s "’"'H """""" . , , ,
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— 5 0o 05 5 o Tos
7 7 = 2.70 significance for DO mesons
ALI-PUB-483806

& ALICE DO: PRL125(2020) 022301
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Scaling of v, with constituent quarks

F. Grosa (CERN)
fgrosa@cern.ch

Inclusive J/Ay
25<y<4

0-10%_| Pb-Pb \/SNN =5.02 TeV
ScaledvP =v + v/
- - - Fitted v,J"

0.2k 30-50%_|_ 0 Prompt D, [y| < 1,CMS {0~

Syst. uncertainty from data  _
Syst. uncertainty non-prompt

—01_ ] ] ] ] ] ] ] ] ] ] L ] L ] L ] ] ] ] ] ] ] ] L ] ] ] ] ] ] _—01
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
p. (GeV/c) p. (GeV/c)
5 ALICE 7+: JHEP 09 (2018) 006 57

& ALICE J/Q mid y: JHEP 10(2020) 141

& CMS prompt DO: PRL120(2018) 202301
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® v, of D mesons can be obtained as
a weighted average of the one of
charm and light quarks:

v (pT) = vi(pd) + vi(pY)

= Quark prand v, obtained as

and J/Y mesons
= Bestagreement in case of
p})/pT = 0.4

half of those of charged pions
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Elliptic flow of open-beauty hadrons - small systems

F. Grosa (CERN)
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® No significant v, of muons (D) from beauty-hadron decays in pp (pPb) collisions 2 ALICE J/: PLB 780 (2018) 7-20

= |sitzero orjustvery small?
= v, mainly driven by beauty-quark coalescence in heavy-ion collisions?
= For more information about small systems see presentation by Georgios Krintiras on Wed June 9th at 16:00
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D-meson vs. muons from D-meson decays ros@cemch |t
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® Precise measurements of different hadron species crucial for setting
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