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ALICE

Heavy-quark production occurs at
early times of the collision

> Mcp > Agep (PQCD applicable)
- Sensitive to the medium evolution

QM
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ALICE

Heavy-flavor and Quarkonia in Pb—Pb collisions & &

Heavy-quark production occurs at
early times of the collision
2 Mcp > Aqep (PQCD applicable)

- Sensitive to the medium evolution

g g
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Time: 0 fm/c <1fm/c

~10 fm/c ~10'5 fm/c
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Open heavy-flavor hadrons (made up of light and heavy quarks) allow to
study the transport coefficient of QGP, investigating charm thermalization
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Heavy-flavor and Quarkonia in Pb—Pb collisions & &
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ALICE

« Heavy-quark production occurs at
early times of the collision

2 Mcp > Aqep (PQCD applicable)
- Sensitive to the medium evolution

g g

g

Time: 0 fm/c <1fm/c

~10 fm/c ~10'5 fm/c
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« Open heavy-flavor hadrons (made up of light and heavy quarks) allow to
study the transport coefficient of QGP, investigating charm thermalization

« Quarkonium states (c-¢ or b-b quark pairs) dissociate in QGP through

a color screening mechanism
>T.Matsui and H.Satz, PLB 178 (1986) 416-422
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ALICE

Heavy-quark production occurs at
early times of the collision

2 Mcp > Aqep (PQCD applicable)
- Sensitive to the medium evolution

QM
g

Heavy-flavor and Quarkonia in Pb—Pb collisions & &

Time: 0 fm/c <1fm/c ~10 fm/c

~10'5 fm/c

y8EY0 L L ZCAIX e

Open heavy-flavor hadrons (made up of light and heavy quarks) allow to

study the transport coefficient of QGP, investigating charm thermalization

Quarkonium states (c-c or b-b quark pairs) dissociate in QGP through

a color screening mechanism
>T.Matsui and H.Satz, PLB 178 (1986) 416-422

Charmonium state (c-c quark pairs) at LHC can be produced through
recombination of uncorrelated c-c pairs (regeneration)

- P.Braun-Munzinger and J.Stachel, PLB 490 (2000) 196

Victor Valencia

- Robert L. Thews et al, PRC 63 (2001) 054905

ICHEP 2024 19/07/2024

»
>




Collective flow of heavy-flavor/Quarkonia in Pb—Pb & & Subo

ALICE 4 Initial State ,t Final State p Anisotropy of particle momentum distribution
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J-Y. Ollitrault, PRD 46 (1992) 229
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Collective flow of heavy-flavor/Quarkonia in Pb—Pb & & Suboy

ALICE s [Initial State ¢ Final State Anisotropy of particle momentum distribution
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ALICE

In|t|aI State

X

. Final State
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| @ D _,
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J-Y. Ollitrault, PRD 46 (1992) 229 8 D™

D mesons: lightest hadrons with a charm quark

- Pronounced flow attributed to the thermalization
of light quarks (u, d, s) and charm quark in the QGP

Victor Valencia

Collective flow of heavy-flavor/Quarkonia in Pb—Pb & &
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X
do ~ 2m vncos[n(e — Pn)]

Q 0 4
<cos[n<cp ¢n>]> Y1

Anisotropy of particle momentum distribution

Uy

D* 0.2 — é@ ® Prompt D (ALICE) PbPb 5.02 TeV 30-50% lyl < 0.8 _;
o, P |
i D mesons @ @ T ]
01f B | . :
><\l - % : H ]
0.05 [ :
R _:
-0.05 | I | | E

0 30
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P, (GeV/c)

ALICE, PLB 813 (2021) 136054
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% Collective flow of heavy-flavor/Quarkonia in Pb—Pb & & Subo

ALICE ,4 Initial State .t Final State Anisotropy of particle momentum distribution
) - ) dv 1 §
% — E(l + Z 2v,cos[n(@ — wn)]> El
n=1 V1 %) (%] V4

vn = {cos[n(@ — Pn)])

1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 I_l
02L ® Prompt D (ALICE) PbPb 5.02 TeV 30-50% lyl < 0.8 h
Tk ® Inclusive J/Y (ALICE) PbPb 5.02 TeV 30-50% 2.5 <y <4 -
yA @ - @+ @ Inclusive J/y (ALICE) PbPb 5.02 TeV 30-50% lyl <0.9
J-Y. Ollitrault, PRD 46 (1992) 229 D- 0.15F ‘ —
- D mesons: lightest hadrons with a charm quark ' D mesons @ @ [ -
- Pronounced flow attributed to the thermalization ~ 0.1 T I : : ~
of light quarks (u, d, s) and charm quark in the QGP > A e e ' H ]
]/ : Significant flow at mid and forward rapidities 0.05 | { -
-> Flow at low p; explained by regenerated J/ys ' ]/llJ ]
: 9 -
-0.05 |- 1 | 1 -
0 20 30
P, (GeV/c)
ALICE, PLB 813 (2021) 136054 ALICE, JHEP 10 (2020) 141

ALICE, JHEP 10 (2020) 141
Victor Valencia ICHEP 2024 19/07/2024 10



Collective flow of heavy-flavor/Quarkonia in Pb—Pb & & Subo

ALICE yI Initial State .t Final State Anisotropy of particle momentum distribution

dv 1
d(p > (1 + Z 2vpcos[n(@ — P,)] ) ‘ . 4
(%1

(COS[n(qJ IPn)])

® Prompt D (ALICE) PbPb 5.02 TeV 30-50% lyl < 0.8

S

® Inclusive J/Y (ALICE) PbPb 5.02 TeV 30-50% 2.5<y <4
A PZ @ @ © Inclusive J/Y (ALICE) PbPb 5.02 TeV 30-50% lyl < 0.9
J-Y. OIIitrauIt, PRD 46 (1992) 229 D~ 0.1 5 ® o Y(1S) (ALICE) PbPb 5.02 TeV 5-60% 2.5 <y <4
* D mesons: lightest hadrons with a charm quark : D mesons @ @ I
- Pronounced flow attributed to the thermalization A g

———§

of light quarks (u, d, s) and charm quark in the QGP >
0.05

* J/Ww : Significant flow at mid and forward rapidities
-> Flow at low p; explained by regenerated ]/

| T/
0 Ly '
* Y(1S): Elliptic flow compatible with zero
- Do beauty quarks thermalize in QGP? .0.05F Y(IS)
. 1 1 1 1 I 1 1
0 10 30
P, (GeV/c)

ALICE, PLB 813 (2021) 136054 ALICE, JHEP 10 (2020) 141
ALICE, JHEP 10 (2020) 141 ALICE, PRL 123 (2019) 192301
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% Collective flow of heavy-flavor/Quarkonia in Pb—Pb & & Subo

ALICE ,g Initial State ¥ .t Final State b Anisotropy of particle momentum distribution
. P, X
) | O Aval dv 1
{ @ do ~ 2n (1 ¥ Z 2vncos[n(@ = ¥n)] ) ‘ . 4 B
I = (cosTn(o — ) "1 Vs

® Prompt D (ALICE) PbPb 5.02 TeV 30-50% lyl < 0.8

—_—
60, oo

® Inclusive J/Y (ALICE) PbPb 5.02 TeV 30-50% 2.5<y <4
A PZ @ @ © Inclusive J/Y (ALICE) PbPb 5.02 TeV 30-50% lyl < 0.9
J-Y. OIIitrauIt, PRD 46 (1992) 229 D~ 0.1 5 9 o Y(1S) (ALICE) PbPb 5.02 TeV 5-60% 2.5 <y <4
* D mesons: lightest hadrons with a charm quark : D mesons @ @ I
-> Pronounced flow attributed to the thermalization N 0.1 T

% H

of light quarks (u, d, s) and charm quark in the QGP >
0.05

* J/Ww : Significant flow at mid and forward rapidities
-> Flow at low p; explained by regenerated ]/

0 L '
* Y(1S): Elliptic flow compatible with zero
- Do beauty quarks thermalize in QGP? .0.05F Y(IS)
] 1 1 1 1 I 1 1
S v‘zf(ls) & v) J/ W < ‘UD mesons 0 10 30
- Charm quarks exhibit a collective behaviour! pT (GeV/C)
ALICE, PLB 813 (2021) 136054 ALICE, JHEP 10 (2020) 141
~ What about smaller systems? ALICE, JHEP 10 (2020) 141 ALICE, PRL 123 (2019) 192301
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ALICE detector in Run 2 5 °
uba

ALICE - Central barrel

- Muon spectrometer

Forward tracking and

. triggering of muons
 ITS - Inner Tracking System

Tracking, vertex reconstruction,

multiplicity estimation ‘\ oo,

« TPC - Time Projection Chamber
PID, tracking

« TOF - Time Of Flight detector
PID
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(5

ALICE detector in Run 2 5 °
uba

ALICE - Central barrel

- Muon spectrometer
Forward tracking and

. triggering of muons
 ITS - Inner Tracking System

Tracking, vertex reconstruction,

multiplicity estimation " i oyt
« TPC - Time Projection Chamber e T B ey
PID, tracking = L

- TOF — Time Of Flight detector 3
PID

- At mid-rapidity (|y| < 0.9) et e"_ - At forward-rapidity (2.5 <y <4.0)

Distinction between prompt hadrons (produced at Inclusive measurements

primary vertex) and non-prompt (b-hadron decays)

-> Inclusive hadrons can be measured down to p; =0 (at midrapidity and forward rapidity)

Victor Valencia ICHEP 2024 19/07/2024 14



% Heavy-flavor/Quarkonia flow measurements Suboy
M,
ALICE - Flow measurements: analysis techniques 0, = ze(in(p]-)
j=1
Yn

"¢ Azimuthal angle
of the particle

M 4, Multiplicity
of the collision

- Q-vector Q,, -

-2 ,, symmetry plane
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% Heavy-flavor/Quarkonia flow measurements Subo
My
ALICE > Flow measurements: analysis techniques Qn = ze“"‘f’f)
j=1
« Event plane vn {EP} = ({cos n(¢ — ,,))/RE") Y

"¢ Azimuthal angle
of the particle

M 4, Multiplicity
of the collision

- Q-vector Q,, -

-2 ,, symmetry plane
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% Heavy-flavor/Quarkonia flow measurements Subo
ALICE > Flow measurements: analysis techniques Qn Qn = ?e“mpﬂ
- Event plane vn {EP} = ((cos n(e — ¥,,))/RE) 1]IJ::

« Scalar product vn{SP} = <(Q§lQZ>/R;§P > ’¢Az.mut)r(\a| angle

of the particle

M 4, Multiplicity
of the collision

- Q-vector Q,, -

-2 ,, symmetry plane

Victor Valencia ICHEP 2024 19/07/2024 17



Heavy-flavor/Quarkonia flow measurements Subq

S0

My
ALICE > Flow measurements: analysis techniques Qn Qn = Z e(ine))
j=1
« Event plane vn {EP} = ({cos n(¢ — ,,))/RE") Y
________________________ «
« Scalar product Un{SP} = <(Q§:QZ>/R§P > "¢ Azimuthal angle

of the particle

M 4, Multiplicity
of the collision

- Q-vector Q,, -

- Two-particle correlation v, {2PC}? = ((cosn(¢1 — ¢,))) vy
T—>X > Y,, symmetry plane
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Heavy-flavor/Quarkonia flow measurements Subo

My
- Flow measurements: analysis techniques On Q. = Z en®;)
j=1
Event plane vn {EP} = ({cos n(¢ — ,,))/RE") Yn
Scalar product vn{SP} = <(Q§;QZ>/R5P > @1 " Azimuthal angle
of the particle
- Q-vector Q,, - o
] ] M 4, Multiplicity
Two-particle correlation v, {2PC}? = ((cos n(¢; — ¢2))) vy of the collision
T—>X - 1p,, symmetry plane

Multi-particle cumulant cn{d} = —v, {4}* = ((cosn( @1 + @2 — @3 — @)
—<(C05 n(e1— @3 ))) ((COS n( Q2 — @4 )))

—((cosn( @1 — @4 ))) ({cosn( @2 — @3))) —>

19



Heavy-flavor/Quarkonia flow measurements Subo:r

S0

M4
ALICE - Flow measurements: analysis techniques Qn Q. = Z en®;)
j=1
« Event plane vn {EP} = ({cos n(¢ — ,,))/RE") Y
________________________ X
« Scalar product Un{SP} = <(Q§;QZ>/R;§P > "¢ Azimuthal angle
of the particle

- Q-vector Q,, -

M 4, Multiplicity

« Two-particle correlation v, {2PC}? = ((cos n(p, — (pz))) y ®; ~ of the collision
T—>X > 1, symmetry plane
« Multi-particle cumulant cn{d} = —v, {4}* = ((cosn( @1 + @2 — @3 — @)
—<(C05 n(e; — @3 ))) ((COS n( 2 — @4 ))) N /'
- 1 — gap between measured <
particles suppresses non-flow effects —{(cosn(p1 = ¢4))) {{cosn( p2 = 93))) ’_t
Qn Qx A Non-flow effects
4 Resonance

Dijet

Jet

l |
|

1N — 8ap -
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v, of prompt DI mesons in Pb—Pb collisions

Subo

S0

ALICE D00 « D°@0 p+@0 D0 ©

T T

| 30-50% Pb-Pb, VSyy = 5.02 TeV |
¢ Prompt D}

e Prompt average D°, D*, D**

T i
Pl

—I ALICE, PLB 827 (2022) 136986

1 2 3 4567810 20 30 40
P, (GeV/c)

v, {SP, IA5I>0.9}

0.0— 1T

- D mesons with different light flavours (u,d,s) exhibit
similar flow

Victor Valencia ICHEP 2024 19/07/2024
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% v, of prompt Dfmesons in Pb—Pb collisions

ALICE D;@ vs DO@ D+@ D*+@ D;@ vs Models

$ I 1 1 1 I LI I I 1 1 1 I I 1 LI I I 1 1

Q 0.4F ALICE lyl<0.8 — _

A | 30-50% Pb-Pb, {5y = 5.02 TeV i TAMU _

S_ ¢ Prompt D} —— PHSD

85 e Prompt average D°, D¥, D** T ]

v | —— -
(aV]

N

0.0F——1I

[ |Syst. from data
Syst. from B feed-down

1 1 1 I 1 1 lIlIIlI 1 1 1

—I ALICE, PLB 827 (2022) 136986

1 2 3 4567810 20 30 40 1 2 3 45678 10 20 30 40
P, (GeV/c) P, (GeV/c)
- D mesons with different light flavours (u,d,s) exhibit Transport model TAMU
similar flow
> Theoretical calculations are based on the charm-quark Parton-hadron-string dynamics (PHSD)
transport in a hydrodynamically expanding QGP Taesoo Song et al, PRC 92 (2015) 014910

- Possibility to probe hadronization via coalescence

Victor Valencia ICHEP 2024 19/07/2024
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ALICE

v, of prompt DI mesons in Pb—Pb collisions

gubo

D;@ vs DO@ D+@ D*+@ D;’@ vs Models

e Prompt average D°, D*, D**

$ | 1 1 1 1 LI | I 1 1 1 1 1 1 LI I
= I 30-50% Pb-Pb, VSNN =5.02 TeV 1 TAMU
Sﬁ ¢ Prompt D;' —— PHSD
o
o
~—~
(aV]
>

0.2 ﬂ%

0.0F——1I

4manda Flores — tam
} 20 Jul 2024, 14:47

— Characterisation of
heavy-quark

propagation and
thermalisation in QGP

i} Wth ALICE /

[ |Syst. from data
Syst. from B feed-down

1 1 1 I 1 1 lIlIIlI

—I ALICE, PLB 827 (2022) 136986

1 2 3 4567810 20 30 40 1 2 3 45678 10 20 30 40
P, (GeV/c) P, (GeV/c)
- D mesons with different light flavours (u,d,s) exhibit Transport model TAMU
similar flow
> Theoretical calculations are based on the charm-quark Parton-hadron-string dynamics (PHSD)
transport in a hydrodynamically expanding QGP Taesoo Song et al, PRC 92 (2015) 014910

- Possibility to probe hadronization via coalescence
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ALICE

v, of non—-prompt D® mesons in Pb—Pb collisions
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% v, of non—-prompt D® mesons in Pb—Pb collisions "

ALICE

- The non-prompt D°-meson v, is found to be positive

with a significance of 2.70

- Non-prompt D is lower by 3.20 than prompt
D-meson v, in the range 2 < pr <8 GeV/c

Victor Valencia

gubo

(©9—69)| .- (60 o 6o o

> qal ' N
= 04~ ALICE lyl <0.8"
S | 30-50% Pb-Pb, 5, =5.02TeV
83" 0.3 * Non-prompt D° _
~ [ o PromptD’, D*, D*" average i
= L (PLB 813 (2021) 136054) -
0.2~ g Syst. from data —
i _$_ 43('9- @_ Syst. from B feed-down |
0.1 ki L -
l ; -+-{'}{.}_ == o
OO___ I S S _________—
N I | I Lo | | ]

1 10
ALICE, Eur. Phys. J. C 83 (2023) 1123 P_ (GeV/c)
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v, of non—-prompt D® mesons in Pb—Pb collisions ” gubo

ALICE

- The non-prompt D°-meson v, is found to be positive
with a significance of 2.70

- Non-prompt D is lower by 3.20 than prompt
D-meson v, in the range 2 < pr <8 GeV/c

- Hybrid transport model LIDO reproduces the data
(Linearized Boltzmann with diffusion)

Weiyao Ke et al, PRC 98 (2018) 064901
Weiyao Ke et al, PRC 100 (2019) 064911

- Decay kinematics doesn’t seem to play a significant role in
the beauty-hadron v, measurements.

o
w

v, {SP, I1An!>0.9}
o
o

0.1

0.0

-0.1

00—00)| - (0-0-®

[T T T | T 1 I T 1 | T 1 | T 1 | T 1 I ]

_ ALICE lyl <0.8_
- 30-50% Pb-Pb, \s,, = 5.02 TeV |
i Non-prompt D’

¥

b (— ¢) — e (PRL 126 (2021) 162001)

| I I | | 11

§ LIDO (Non-prompt D°) &N LIDO (B meson) |
B % LIDO (b (= ¢) — e)

I — | I — I I — | | — | | — | | — I |

[ |

0 2 4 6 8 10 12
ALICE, Eur. Phys. J. C 83 (2023) 1123 P, (GeV/c)
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ALICE

Inclusive muon v, from hadron decays in p—Pb @ ’
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% Inclusive muon v, from hadron decays in p—Pb @ ’ Subo

ALICE Forward-rapidity (p-going) @— <’
ALICE, PLB 846 (2023) 137782

~ 0.18¢ .1
O T ALICE, p-Pb, 5y, = 8.16 TeV &> *"°FALICE, p-Pb, {5, = 8.16 TeV
N, 0-165— p-going, 2.03<y__<3.53 [o]vi{2PC} & 0.14f- p-going, 2.03<y_ <3.53 [©]vi{2PC}
A 0141 VOM: (0-20%)-(60-90%)  AMPT string-melting AN .12 VOM: (0-20%)-(60-90%)  CGC (Zhang et al.)
0.12E - L <D, C, K, T* - b
. _ ST — — - L <— D, C
n Hoe K, 0.1 <b
01:_ CTNE O H eb, C E P — - M
— EEEN u%b 008__ /’ \\ —-M<—C
008:_ -‘1‘- ITTILT l,[, «~— C B I,‘(:JS\\ \\
0.06F RS 005 ¥ S8 OSOS
— 'b’s‘- = mm ,.ﬁ ""l.,,... — '-[:)- ~ \\
0.04F e’ & M " 0.041 o B o e
- & ol Wt . P _‘E"_-~==
002__ “Q‘t\ . . B ....IIII..r.I~ 002__ ' /
0:_ auuns® =" ﬁ- 0:— —’/ ‘H-
_I 111 | 1 111 | 1111 I 1111 | 1111 | 111 1 I 1111 | 1111 | L1 1 1 I 1 11 1 :
_0-020 1 2 3 4 5 6 7 8 9 10 _o.o%llII1|IIlI2|IIII3|IIII4|IIII5|IIII6|IIII7|IIII8|||||9|IIII10
p, (GeVic) p_ (GeV/c)
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Inclusive muon v, from hadron decays in p—Pb @ ’ Subo

Forward-rapidity (p-going) @— <
i ALICE, PLB 846 (2023) 137782

—~ 0.18 0.16
O ' | ALICE, p-Pb, {syy =816 TeV O [ ALICE, p-Pb, |5, =8.16 TeV
S 0-165— p-going, 2.03 <y __ <3.53 [o]vi2PC) Q. 0.14f- p-going, 2.08 <y, <3.53 [©]vi{2PC}
AN 0.14F- VOM: (0-20%)-(60-90%)  AMPT string-me}l(tiingi o421 VOM: (0-20%)-(60-90%)  CGC (Zhang et al))
0.12F =—=HeDb R, T - - <b,cC
— n« K, * 0.1— ’
01:_ HIIEII Iu&b,c B ,g\ —-l,l,<—b
— EEEm u%b 008:— _-M<_C
008:_ -‘1‘- ITTILT “, «~— C : I/,.(:JS\:\\
0.06F P N ré T SIS
0.04F {.;;:{3?- T T e "0 0.04 T =3 ~
i _ Q Tag, — — Sy
- éé - My, ~ ? - --==~
002__ “@?\ . = Py LN ll.lllll..r.l~ 002__ ' // =
0:_ anus® - ﬁ- 0:_ —’/ %
_0.0_IIII|IIII|IIII|IIII|IIII|IIIIIIIIIlIIIIlIIIIIIIII :|]||l||||[||||||||[||||||||||||||||||||||||||||||
912 3 4 5 6 7 8 9 10 Oy T2 T3 4 5 6 7 8 9 10

« Positive muon v, measured for the first time over a wide pt interval with a significance of 4.70 for 2 < p;< 6 GeV/c

« HF-u dominate for pr > 2 GeV/c owg

- Heavy quarks flow (at mid and high p) in p—Pb collisions!

->AMPT (A Multi-Phase Transport model)

—_

Z. W. Lin, PRC 72 (2005) 064901 Models

_ reproduce the

>CGC (Color Glass Condensate model) data qualitatively

Cheng Zhang et al, PRC 122 (2019) 172302

—
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Flow of | /W from large to small systems Subq

S0

ALICE

% Collective behavior in Pb—Pb collisions ‘ ‘
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Flow of ] /s from large to small systems Subo
ALICE I/ @<u‘

©
w

*1’CollectivebehaviorinPb—PbcoIIisions" g -ttt e e e
B Significant ]/ v, over a wide pr range >‘\f 0.25 - ALICE -
N Pb-Pb, = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141 .

- ]/ flow at low p; interpreted as a = ) 25< yVS_N: 4.0 o . D ‘ ‘ -
consequence of regeneration 0.2— oms —]
- Result support thermalization of charm 0.15 - B
quarks in the QGP Ve -
0.1 == -

= e = = -

0.05— — -

of—=F .

~0.05— —

-0.1— —

—_ : L1 1 I 1 1 1 | 1 1 1 I 1 1 | I 1 1 | | 1 1 1 | 1 1 1 I L1 1 1

0'150 1 2 3 4 S 6 7 8

P, (GeV/c)
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Flow of | /s from large to small systems

Subo

ALICE b ku_
ut

‘:’ Collective behaVior in Pb_Pb co"isions ‘ ‘ 2. 03 :l L I L I L | L | L L | _—I‘

B Significant ]/ v, over a wide pr range >‘\f 0.25 - ALICE -

> J/1 flow at low p; interpreted as a T E m Pb-Pb, \[s = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141) ‘ * -

T _ 25< <4.0 ]

consequence of regeneration 0.2— Y ems —]

- Result support thermalization of charm 0.15 - B

quarks in the QGP Ve -

% Collective behavior in small systems? 0.1 == o=

T y - = = - = ]

i\\\ij D - Initial state dynamics effects? 0.05— i —

= e ' ? — _

7z I - QGP in small systems” o | -

~0.05— —

~0.1 —

—_ : L1 1 I 1 1 1 | 1 1 1 I 1 1 | I 1 1 | | 1 1 1 | 1 1 1 I L1 1 1

0'150 1 2 3 4 5 6 7 8

P, (GeV/c)
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ALICE

% Collective behavior in Pb—Pb collisions ‘ ’
B Significant ]/ v, over a wide py range

- J/W flow at low p; interpreted as a
consequence of regeneration

- Result support thermalization of charm
quarks in the QGP

% Collective behavior in small systems?

‘s A
. a7

/==, > Initial state dynamics effects?

- > QGP in small systems?

oD

:
R
N

o Non-negligible J /¥ v, at high py
in p—Pb collisions

Vo iy

Flow of | /s from large to small systems

Subo

03 | L ] L I 1T T 1 I L | L I L 1T T 1 LI
- ALICE -
0.25 —
~ n Pb-Pb, {5, = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141) ’ ’ 7]
0 2: 25<y <40 _:
T O p-Pb, \[s—NN =5.02, 8.16 TeV, (0-20%)-(40-100%) (PLB 780 (2018) 7-20)
— 15<|4n <5.0,203<y <353 @ ]
0.15 oms N
0.1 == —
= = ¢ == .
0.05 | _
— = ¢ Q 7
— ] _
o—TFES ' :
- { .
~0.05 —
-0.1— —
— : L1 1 I L1 1 1 | [ 1 1 1 I L1 1 1 I L1 1 1 | L1 1 1 | 1 1 1 l L1 1 N
0-15, 1 2 3 4 5 6 7 8
P, (GeV/c)
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ALICE b k“_
ut

*1*CollectivebehaviorinPb—PbcoIIisions” g0'3:""I'"'I:'_"I""I""I"" T

B Significant |/ v, over a wide pr range >‘\f 0.25 = ALICE Preliminary =

_ TC m Pb-Pb, \[s,, = 5.02 TeV, (30-50%) (JHEP 10 (2020) 141) ’ .

- J/W flow at low p; interpreted as a ~ 25<y <40 ’ ]

consequence of regeneration 0.2 T O pPb, s, =5.02, 8.16 TeV, (0-20%)-(40-100%) (PLB 780 (2018) 7-20) 1

- Result support thermalization of charm 0155 1.5<]4n| <5.0,203<y <353 @ -

quarks in the QGP ASE" e pp, 5y, = 13 TeV, (0-5%)-(40-100%) —

— 15<|4n| <5.0,25<y_ <4.0 C X =

X CoIIective behavior in small systems? 0.1— | == —

P ’ = oo T =L == .

- \ \\j i, > Initial state dynamics effects? .05 e | —

T {33\\% - QGP in small systems? - $ ? ¢ T =

'/(7:' AN 0_—% 3 $ -

o Non-negligible J/{ v, at high p; ® ’ - ! -

in p—Pb collisions ~0.05 + =

® |/U v, compatible with 0 o0 — 7]

(within uncertainties) in pp collisions _0'1:_ =

—_ —_ : L1 1 I 1 1 1 | 1 1 1 I 1 1 | I 1 1 | | 1 1 1 | 1 1 1 I L1 1 1

PP« PP <, Pb-Pb 015 1 2 3 4 5 6 7 8

P, (GeV/c)

Flow of | /s from large to small systems

Subo

34



Conclusion: v, from large to small systems in Run 2 Subo?

ALICE % % x/

/288 68 68 60\
 All prompt D meson flow similarly!
v 60

Significant ] /U v, is observed
(Regeneration at low py)

—>Results support the charm quark
thermalization scenario in QGP.

\_ /
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Conclusion: v, from large to small systems in Run 2 Sub 4

ALICE .. §§ /\

(568 -6 ~@® @8\

 All prompt D meson flow similarly!

68

Significant ] /U v, is observed
(Regeneration at low py)

—>Results support the charm quark
thermalization scenario in QGP.

Y(15) @

Elliptic flow of Y(1S) compatible with zero.

B- @_.@ D*

Non-prompt Dy, —meson v, is positive.

- Transport models describe the
measurement within uncertainties.
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Conclusion: v, from large to small systems in Run 2 Sub 4

ALICE .. §§ /

 All prompt D meson flow similarly!

S D

« Significant ] /Y v, is observed
(Regeneration at low py) .

[ -6 -6 -68\ o N
o

Heavy quarks flow significantly
>Results support the charm quark across a wide py range.

thermalization scenario in QGP.
v 60
> 69

* J/W v, is consistent with zero
» Elliptic flow of Y(1S) compatible with zero. at low py.

B~ @_,@ DO « Similar magnitude as Pb—Pb at
high pr.
. Non-prompt Dy —meson v, is positive. Qmply charm quark flows at higw

Transport models describe the
measurement within uncertainties.
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ALICE .. §§ /

(568 -6 6 6o\

68

« Significant ] /Y v, is observed
(Regeneration at low py)

—>Results support the charm quark
thermalization scenario in QGP.

Y(15) @

» Elliptic flow of Y(1S) compatible with

B- @_.@ D*

- Transport models describe the
measurement within uncertainties.

 All prompt D meson flow similarly!

Zero.

. Non-prompt Dy —meson v, is positive.

/

Victor Valencia

@\
D

« Heavy quarks flow significantly
across a wide pr range.

69

* J/W v, is consistent with zero
at low pr.

« Similar magnitude as Pb—Pb at

Conclusion: v, from large to small systems in Run 2

PP

Subo

CC‘/\

-

high pr.
Qmply charm quark flows at higly
ICHEP 2024

\_

6

~

J/W v, in pp collisions compatible

with 0 within uncertainties.

J

19/07/2024
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Conclusion: v, from large to small systems in Run 2 Sub 4

ALICE - ” /
ﬂ @ DO@ D+’@ DHQ)\ /\
* All prompt D meson flow similarly! p-Pb @ ’
€9 D

- Significant ]/ v, is observed opp @ @ ~/\

(Regeneration at low pr) « Heavy quarks flow significantly a R
>Results support the charm quark across a wide py range. . @

thermalization scenario in QGP.
v 60
> 69

* J/W v, is consistent with zero

<)

 J/W v, in pp collisions compatible
with 0 within uncertainties.

«  Elliptic flow of Y(1S) compatible with zero. at low pr. \ /
B~ @_,@ DO -  Similar magnitude as Pb—Pb at e ~N
high pr. LPb—Pb -, _p—Pb o pp
. B : o ] 2 = V2 2
Non-prompt Dy —meson v, is positive. > Imply charm quark flows at high pr.
_ Elliptic flow hierarchy across
- Transport models describe the collision systems!
measurement within uncertainties. \_ )
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ALICE

Perspectives

- Larger Run 3 sample will provide better precision flow measurements
- New flow methods will be used thanks to the Run 3 continuous readout!

Subo
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Perspectives

- Larger Run 3 sample will provide better precision flow measurements

- New flow methods will be used thanks to the Run 3 continuous readout!

_—

=2 Run 3 flow measurements using different methods —

Scalar product
Event plane
Multi-particle correlation

Multi-particle cumulant

gubo
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Perspectives Subo

ALICE - Larger Run 3 sample will provide better precision flow measurements
- New flow methods will be used thanks to the Run 3 continuous readout!

_—

« Scalar product

« Event pl
=2 Run 3 flow measurements using different methods — ventplane

« Multi-particle correlation

« Multi-particle cumulant

——

__a

At mid-rapidity: A At forward-rapidity: + T—___

> Flow of e* from charm and beauty decays in Pb-Pb - Flow of p* from charm and beauty decays

[, e 0@
o - N ®

> Flow of |/ in pp - Flow of J /W prompt and non-prompt in Pb—Pb

ot - Thanks to the new
@ - Muon Forward Tracker
o (MFT) detector
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Perspectives: First Run 3 measurements Subo

ALICE - Fit of mee distribution at mid-rapidity!

10° Event mixing is applied
% T L L L L L BN BN BN BN B
% 180  ALICE performance N 4
L i L s 160 = (5 - 13.6 TeV $- same event unlike-sign E
= Run 3 statistics significantly Rt Tl 4 mix event unlike-sign
. . $ 140 % = , -
larger than in Run 1-2 allowing 2 oo [ 00 <Py <160GeVi ] <09 ® 0
. [} - -
more precise measurements £ 100 E o* =
L - ® -
- 80 [ o’ ) =
2 | ALICE Performance, Run 3, pp, /s = 13.6 TeV oo F o° .
= 30— p Reeee®®® .
o [ Recorded: 28.2 pb 40 2% eesesesessssanay. Poe —
£ | ®o 20 L -
525; E::}:::}:::}:::|:::|:::}:::|:::|:::|:E
S T - i
5 L = S —$— raw counts -
D ( ) =462.42

£ 20 SN CREE — CB2 + residual bkg 1
E 10° - (VSSTB)IP(ZS)=19.19 — residual bkg ]
151 - ]
10~ [ |
- 10* =
5? ]
07 ‘ ‘ ‘ ‘ ‘ 11 | I 11 | I 11 | Iil 11 I 11 1 i 11 | Iil 11 I 11 | i 11 I‘q 1 o

02Jul22 010ct22 31Dec22 02Apr23 02Jul23 22 24 26 28 3 32 34 36 38 4

M. (GeV/c?)

First J/¢ signal extraction in pp



ALICE

Integrated luminosity, pb™

W
o

N
[6)]

N
o

15

10

S
. . . P =
- Run 3 statistics significantly 2
larger than in Run 1-2 allowing 2
more precise measurements £
L
- ALICE Performance, Run 3, pp, Vs = 13.6 TeV
- Recorded: 28.2 pb’
: P o0
- \ \ \ \ \
02Jul22 010ct22 31Dec22 02Apr23 02Jul23

180
160
140
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100
80
60
40
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10°

10*

Perspectives: First Run 3 measurements

- Fit of mge distribution at mid-rapidity!

10° Event mixing is applied
I B B BN IR BN B BRI BRI I
— ALICE performance o
- -¢- same event unlike-sign
- PP (s=13.6 '[eV -¢- mix event unlike-sign
- Jp,¢(2S)—=e'e 7
- 0.0<p_<16.0GeVc, |y| <09 @ @
= ° =
- L 2 _]
= * e =
- o ]
= ® .
- . -
— oo’ . —
- oo® ....00. . _:
00000000000000000000000¢, %%00, -
= i PYIS
:I 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 I:
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- ( S ), = 46242 —$— raw counts -
- (S + B — CB2 + residual bkg
S .
= ( \/m)w(zs) =19.19 — residual bkg -
11 1 I 1 11 I 11 1 I él 11 I 1 1 1 i 11 1 I il 11 I 11 1 i 1 1 I‘q 1 °
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M. (GeV/c?)

First J/¢ signal extraction in pp

Subo

- Fit of v}"distribution at forward-rapidity!

Counts / (20 MeV/c?)

vi'{2} a.u.

vhi{4} a.u.

—_
o
>

0.02
0.015
0.01
0.005

0.005
-0.01
0.015

Fraction of the total 2023 Pb-Pb data §§ &9

[ ALICE Performance, Pb—Pb, \[SNN =

—+ Data
— J/y signal
— Total fit

- - Background

5.36 TeV Opposite-sign pairs

Jy - puu,25<y<4
0-50 %, 0 < p. < 100 GeV/c *

+

—0.02=

0.03
0.02
0.01

-0.01
-0.02
-0.03

First v

A
2

{2,4} signal extraction in Pb—Pb
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Subo

ALICE

BACK UP

Victor Valencia ICHEP 2024 19/07/2024 45



ALICE

Flow measurements in Run 3 5
uba
ITS 1)

- Vertex identification

TPC (2)

—> Charged particles tracking

W/Aimngggl. s

e == FTOC (3)
JrT - —> Centrality estimation of collisions
Front Absorber (4)

- Reduce flux of hadrons by a factor of 100
MCH (5)
—> Muon tracking system

Muon Filter (6)
—> Punch through hadrons

MID (7)

—>Particle identification of muons

Scalar product
- Flow measurements

using different methods | °

--------------------------

Event plane

Multi-particle cumulant

Victor Valencia ICHEP 2024 19/07/2024
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Scalar product and event plane methods gubo

Pn B A C
\ S A"
| P B A | C R
[MCH + MID FTOC | iTs+Tpc | | FTO-A | N
-4.0 -3.3 -25 =-2.1 -0.8 0 0.8 3.5 4.9
M | 1 QY
Barrel Q-vector > Q,, = Z elin®i) = QX +iQ) Event plane > V,, = - arctan( QZ’ )
MM A 9 i
((PnQ2) /R = \/(02) on'= ({cosnlp =) /R) _ i
Scalar | Event _

plane

product . .
R _ J (QAQ;P)(Q2Q;°) R, = \/{cosn(¥Z —¥0))

(Qr Q")

—
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% Multi-particle cumulant method (new!) Subo
ALICE Pr(dimuon) barrel track
Dimuon Q-vector > D,, = p,,‘)f + Z'p,}; Qp (barrel tracks)
Barrel Q-vector > @, = QX +1iQ; N
-4.0 -2.5 -0.8 0 0.8
Correlators for particles of reference (REF) Correlators for particle of interest (POI)
y  1Qul 102 2 Re0an@n@s] () = W]&
gy — 1O =M S Y Q@@ — uQu Qi — 2 Mpu @' +2- PG
<>_M(M—1) _22(M—2)"Qn‘2—M(M—3) <4,>:pn L Pnldn“on Pnldp Pnldp
MM —1)(M —=2)(M —3) (mpM)(M —1)(M — 2)
REF cumulants -— w2t =20 POl cumulants — dMT;{2} ~
o (4 = () — 2 (22 RECEICOREREINES
I REF I v {2} = dn{2}
vn{2} = \/cn{2} " Ven{2)
REF flow - POI flow S
) — Tl i) = -

Victor Valencia ICHEP 2024 19/07/2024 48



v, of ] /W in p—Pb and Pb—Pb collisions ® & <> $# Subo
ALICE o ® &P

In p—Pb = no expected ]/ regeneration In Pb—Pb > Flow of ]/ at low pr is
(no expected QGP formation) interpreted as a consequence of regeneration

2— | (q\] I 1 1 I I 1 1 I I 1 1 I 1 1 1 | I 1 1 | 1 1 1 I 1 1 I | 1 1 I
—>>N i p-Pb, (0-20%)-(40-100%), VTW=5.02,8.16 TeV ALICE > '_ ALICE 20-40% Pb—Pb VS_ =502 TeV _‘
— e 2.03<y’'<3.53 - 0.2 NN = i
0.2 e aaoqvepgs | Orward-rapidity i M. He, B. Wu, R. Rapp [arXiv:2111.13528]; )
- Backward-rapidity - Transport coupling for open- and hidden-charm -
B Pb-Pb, 2_5<y"’w<4, \/STN=5-°2 TeV 015 B Inclusive J/y: regenerated + left-over primordial + b-feeddown ]
= ——o—— 5-20% ) ~  [_]Jwith c quark space-momentum correlations (SMCs) -
- Ty 20:40% EQ BL] - [ w/o SMCs )
0_1 — : | _
i i - -
| = _
0l =<l " o, 0.05 o
i l _ .
i Transport model, Pb-Pb, 20-40%, 25<y""“<4 r =5.02 TeV B 1
B Inclusive J/iy ~ Xiaojian Du and Ralf Rapp o .
_ Primordial %y arXiv:1504.00670 T « Inclusive Jiy, 2.5 < y <4, (SP, |An| > 1.1 ) JHEP 10(2020)141
NI AT S S S RN R i A A i A A A I T T I B A BT . |
0 1 2 3 4 5 ,_16/ 7 8 0 2 4 6 8 10 12 14 16
ALICE, PLB 780 (2018) 7-20 pTlp (GeV/c) P (GeVic)

- Comparable magnitude of v, | /W at vy | /W described well by a transport model

high p; in p—Pb and Pb—Pb collisions! where charm quark thermalized in QGP!
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https://arxiv.org/search/hep-ph?searchtype=author&query=Du,+X
https://arxiv.org/search/hep-ph?searchtype=author&query=Rapp,+R
https://arxiv.org/abs/1504.00670

Perspective: Flow v’z/‘/’ in Run 3 ‘. Subo

ALICE - Partial statistics of the total 2023 Pb—Pb data

S0

<\"§ - ALICE Performance, Pb-Pb, {5, =536 TeV i cion bairs
% B —+ Data
= I~ — J/y signal
Qz’ Q4 p 2 g/ 10° - _ — Total fit
- - T - - Background
3 -
n ° [\
| - L I I I L
0'025_ Jy - ptu,25<y<4
0.015
0.01%— 0-50 %, 0 < p, < 100 GeV/c +
S = 1
© 0.0055— <|> H_\} J, { | |
> Run 3 data will enable ficaobo. o 8 |t ik i
more precise measurements ' = o0 J[ } |
. —-0.015
for vé/ v up to higher pr 0026

0.03
0.02
0.01

- E O O B M O NN W W gy

T EE s E--

- High order cumulants
should suppres non-flow! ¢

---------------------------

-
viH{4} a.u.

-0.01
-0.02
-0.03

v, {232 =(vi+ &) —» &,~1/M } Scaling o | M, (GeV/c)

with
4__ 4 . ~ 3 - e , ] . . 4
vp (4= —(vz + 84) > Oa~1/M multiplicity! > First vJ/%{2, 4} signal extraction at forward-rapidity!
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