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Heavy quarks (charm and beauty): produced at the early stage of heavy-ion
collisions before the QGP creation

time

L

Central region

Energy loss in QGP medium

dNaa /dpT
< Taa > dopp/dpr oy

e Ran =1 If nOo medium effect and/or
z Initial state effects

Raa(pr) =

(to< 1 fm/c)

e Radiative vs. collisional energy loss

beam beam



Heavy quarks (charm and beauty): produced at the early stage of heavy-ion

collisions before the QGP creation _ _
time Collective expansion

-

LN = Anisotropic flow

Central region

elliptic flow

vy = (cos(2¢))
B <p';’ —p§>
O\ p?

triangular flow
R vy = (cos(39))

. pi - 3pa:p§
p;

= Results In complex azimuthal
structure of final-state particles

(to< 1 fm/c)

beam beam



Heavy quarks: QGP tomography

collisions before the QGP creation

time

L

Central region

QQc:. . Hadron Gas .

Coalescence/recombination — hadron formation
via (di-)quark combination in the QGP medium

(to< 1 fm/c)

-pT,hadron = I pT,parton, N = 2 (meSOn), 3 (baryOn)

- g oE .
= Sensitive to baryon and meson species

= Baryons from lower momenta partons (denser)
6
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Charm quark transport

RAA
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Most charm quark transport models able to fit both Raa and v2 data



N STAR, PRL 118 (2017) 212301

IQCD, L. Altenkort et al., PRD 103 (2021) 014511

IQCD, H.T. Ding et al,, PRD 86 (2012) 014509

IQCD, D. Banerjee et al., PRD 85 (2012) 014510

ALICE, PLB 813 (2021) 136054

B ALICE, JHEP 01 (2022) 174
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21T D,

LQCD, charm
LQCD, bottom

——— T-matrix, charm
=== "T-matrix, bottom
T-matrix, M — oo

..... E AdS/CFT

A ALICE ]
——— QPM, charm o)
=== QPM, bottom O
----- QPM, M — oo

LQCD, M — ¢

pert. NLO

__--—-rll

150 200 250 300 350 400
T [MeV]
|Hot QCD Phys. Rev. Lett. 132 (2024) 051902

1.5< 2T[D3(T) < 45, Tcharm = (mCharm/ T) Ds(T) = 3-9 fm/C < Tmedium = 10 fm/c

= |Indicate charm may thermalize in the medium
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[ ALICE Preliminary

'6; —
S V| < 0.8
= [ 30-50% Pb-Pb, {5, = 5.02 TeV ;
= e  Non-prompt D° |
ot ey [
n Syst. from data ]
N -
0.1~ irul -
T [y o o] - e 11w -
""_‘_«‘“"‘...-.I':.E‘l_---’--l--""I_'L""-_I """ =
gl
O_.____________
[ Langevin, 2xTDg = 3
-0.17 =i, Langevin, 2xT D = 4 7
||_ | I | | | I | | | I | | | I | | | I | | | I I_
2 4 6 8 10 12

P, (GeV/c)

RAA

1.5

0.5F""

i 0-10% Pb-Pb, |5 = 5.02 TeV

Non-prompt D° (arXiv: 2202.00815) _|
Syst. from data

® Beauty particle Raa and v2

measured via non-prompt DO by
ALICE

® Conclusion is similar to the

measurements of B mesons,
non-prompt J/W and B meson
semileptonic decays by ATLAS
and CMS

® [s obtained in beauty sector is similar to that in charm
sector (21Ds = 1.5-4.5 for charm)

¢ |Indicate Toeauty « Mbeauty Ds = Tmedium (Mbeauty = 3 Mcharm)

= \What is thermalization DOF of beauty in the QGP medium?



: “  ALICE data PYTHIA v.8 LQ/inclusive
< One of fundamental properties of pibslaaaconalit

e M QCD: suppression of gluon —rrTHA

........... ?‘?‘:? emissions within cone 6 < mq/ E = SHERPA " SHERP(,:\ LQ/inIcIusive
.................. no dead-cone limit
Towmaex 0| e ne st — dead-cone eftect
~~~~~ Emitted gluon e WSO e ) . 0.37 0.22 0.14 0.08
' ® Direct observation for charm Bl
: S < Ep_jiator < 10 GeV
quarks in pp — QCD vacuum | |
- =z=z=z=z=z=zk=z=====13
T 10 e "
e \Whether is it still validated in QCD medium? s . __
= Mass dependent heavy quark radiative energy loss s} —_—
AEbeauty < AEcharm — RAA(beaUty) > RAA (Charm) | | |
0 . 1 1 5 L1 1 1 . L1 1 1

1:0 1.5 2.0 2

In(1/6)
ALICE Nature 605 (2022) 440
10



Quark mass dependent Raa

0.5

1.5

Light = Light h* (CMS) Iyl < 1
B Charm e Prompt D° (ALICE) lyl <0.5 -
® Prompt D° (CMS) lyl < 1

7 Beauty # (b—) pu (ATLAS) Inl <2 -
+ (b—) J/Y (ATLAS) lyl <2 -
(b—) J/g (CMS) Iyl < 2.4 -
® (b—) D° (ALICE) Iyl < 0.5 -

—_Il—l.l—l %AH
i ! lj )
| PBPb5.02TeN_E Cent. 0-10% _

1 | | 1 1 | L1 11 I 1 1 | 1 L1 11 I
1 10 100

CMS JHEP 1704 (2017) 039

CMS JHEP 2201 (2022) 174
ATLAS Eur. Phys. J. C78 (2018) 762

ATLAS Phys. Lett. B829 (2022) 137077

ALICE JHEP 2201 (2022) 174
ALICE Phys. Lett. B782 (2018) 474

"o data LGR central value
------- i) m setto m, (E-loss) e 1) M- set to my, (coalescence)
-imim iii) W/o shadowing — — iv) Wlo coalescence

non—prompt/ Rprompt
AA
N

AA

R

e Mass effects are important to describe data

e Coalescence plays relevant role at intermediate pr

11



What do we learn?

o What is the degree of thermalization of heavy quarks in
QCD medium?

e Do heavy quarks hadronization via coalescence in QGP?

¢ |s there the dead-cone effect of medium-induced gluon
radiation of heavy quarks?

o What can we learn more from heavy quarks?

12



Readout of most detectors are
upgraded to allow continuous readout

e pp data taking at 500 kHz

- A\

\ Timeprojectionchamber(TPC) A ol CREIL B SR RSV R A P

i = New readout: MWPC — GEM * Improved vertexing

e Improved tracking at low pr

Muon forward tracker (MFT)

= AR B = S planes of MAPS, vertexing
2 o | Ul il for forward rapidity muons

Fast integration trigger (FIT)

= Event trigger, characterization,
and online luminometer,

FDD-C scintillator array

FT0-C Cherenkov detector £9<sn<-49 FDD-C
34<n<-23 -19.5 m away rom IP

-0.8 m away from IP

FVQ scintillator detector
22<n<5.0
3.5 m away from IP

FT0-A Cherenkov detector
38=n=5.0
3.5 m away from IP

FDD-A scintillator array
47s5ns6.3
17.0 m away from IP

13
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- ALICE Performance, Run 3, pp, Vs = 13.6 TeV

o
o

- Recorded
- 2022: 19.3pb™
- 2023: 9.7 pb™
- 2024: 53.1 pb™
—2025: 50.2 pb™

Ol
o

N
o

Integrated luminosity (nb™)

BOf—
20/

o: '
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‘ —
l

' x2000 more than un 1 +2

55 ALICE Performance, Run 3 -
- Pb-Pb, \s, =5.36 TeV =
o Recorded -
- 2023:1537.4 ub™ -
- 2024:1544.1 ub™ -

1.5~ 2025:1989.8 ub™ -
T E

0.5/ —
oL | | | L

14 Sep 28 Sep 12 Oct 26 Oct 09 Nov 23 Nov 07 Dec

N
o

oS b A O ®
Number of collisions (B)

oo

Pb Pb: 40 billion MB events

x110 more than Run 1+2

p
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ALICE s, =502TeV  |y|<0.5

o Catania
TAMU
------ POWHEG+PYTHIA6 ----- POWLANG HTL
— (GSI|/Hd+BW
T == GSI/Hd+BW

— " ——
k\\}?“rﬂ—'—ﬁgml
“"\\_\}‘m‘g‘j:g

o 0-10% Pb-Pb

enh. c-baryons

I
¢
III|III|III|III|III|III|III|III|III|III|III

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

2 3

4 567 10 20 30 40

ALICE Phys. Let
ALICE Phys. Let

. B846 (2023) 137561 | Py (GEV/C)

. B839 (2023) 137796

Interplay between hadronization and
energy loss

= Higher precision and more differential

measurements are needed
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¢ PP

TAMU

------ POWHEG+PYTHIAG ----- POWLANG HTL

E_ \ Gatania

ALICE s, =502TeV  |y|<0.5

o 0-10% Pb-PDb
] Catania
TAMU

— GSI/Hd+BW
== GSI/Hd+BW
enh. c-baryons

2 3

4 567 10 20 30 40

ALICE Phys. Let
ALICE Phys. Let

. B846 (2023) 137561 | Py (GEV/C)

. B839 (2023) 137796

_r'\ : I I IIIIII| I I IIIIII| | I IIIIII| I I I:
= 0-9- ALICE Preliminary y|<0.5 =
=, 0.8 ® Pb-Pb, |5, =5.36 TeV -
\D./ - 90 PP, \/§= 13.6 TeV | =
© 0.7F —t -
" 'DT >0 -
o.sm U | ‘
: oy :
04__' a t,J BE’_ ’ —
0.3 [PYTHIA 8 CRMode2 [HICE-SHMc —
0 22_ PYTHIA 8 Angantyr [} ThermalFIST SHMc -
F  [[JEPOS4HQ [ GSI-Heidelberg SHMc -
0.1 :— jg % BR uncertainty not shown _:
—  pp uncertainty |on X-axis scaled by|5 | .

1 10 10° 10°
(chh/d 77>|n| os

Supports hadronisation also via coalescence In
the deconfined strangeness-enhanced medium 17



" ALICE, Pb-Pb K]

v, {SP, |A77] > 1.3}, |5 = 5.36 TeV, 30-50%
e Prompt D’ ¢ Prompt D*

0.5 2

|ALICE arXiv:2603.18966|

Low and intermediate-pr
V2(DO) = vo (D=) < vo(r1)

= |nterplay between radial and elliptic flow

High-pT
V2(DO) = vo (D+) = vo(TT1%)

= Path-length dependent energy loss

18



- ALICE, Pb—Pb

e Prompt D’ ¢ Prompt D*
# Prompt D_

_I_
+ T Sy

v, {SP, |An| > 1.3}, {Sy = 5.36 TeV, 30-50%

v, {2, |A7] > 2}, Sy = 5.02 TeV, 30-40%

N
-

. (GeV/c)

Low and intermediate—-pr
Vo(Ds*) < v2(DO9) = vo (D*) < vo(TT1%)
= |nterplay between radial and elliptic flow

= Dst+ early kinetic freeze-out

Fries et al. Phys. Rev. Lett. 110 (2013) 112301

High-pT
v2(Ds*) = v2(DO) = vz (D*) = va(m)

= Path-length dependent energy loss

19



- ALICE, Pb—Pb

e Prompt D’ ¢ Prompt D*
# Prompt D_

_I_
+ T R

v, {SP, |An| > 1.3}, {Sy = 5.36 TeV, 30-50%

v, {2, |A7] > 2}, Sy = 5.02 TeV, 30-40%

N
-

. (GeV/c)

Low and intermediate—-pr

Vo(Ds*) < v2(DO) = vo (D) < va(TT)
= |nterplay between radial and elliptic flow
= Dst+ early kinetic freeze-out

= Does not consistent with femo studies
Fries et al. Phys. Rev. Lett. 110 (2013) 112301

High-pT
v2(Ds*) = v2(DO) = va (D7) = va(ri*)

= Path-length dependent energy loss

20



- ALICE, Pb—Pb
v, {SP, |A77] > 1.3}, |5 = 5.36 TeV, 30-50%
e Prompt D’ ¢ Prompt D*

# Prompt D_
v, {2, |A77] > 2}, \s\ = 5.02 TeV, 30-40%

_I_
M Sy

A "’ 08 E
O
: ﬂ
A

v .
e

A v

Y

>
ot L] >

+
I|IIII|IIII|IIIIIIII|IIII|IIIIIIII|IIII|III

-
N
-

| 81
[ALICE arxiv:2603.18966] p_ (GeV/c)
.

Low and intermediate—-pr

Vo(Ds*) < v2(DO) = vo (D) < va(TT)
= |nterplay between radial and elliptic flow
= Dst+ early kinetic freeze-out

= Does not consistent with femo studies
Fries et al. Phys. Rev. Lett. 110 (2013) 112301

= Sequential hadronization zhao, Shi, Xu, and Zhuang
Springer Proc. Phys. 250 (2020) 275

High-pT
v2(Ds*) = v2(DO) = va (D7) = va(ri*)

= Path-length dependent energy loss

21



0.10
A% 005
0.00

- ALICE, Pb-Pb K]

v, {SP, |A77] > 1.3}, |5 = 5.36 TeV, 30-50%
e Prompt D’ ¢ Prompt D*
# Prompt D_ B Prompt A]

v, {2, |A77] > 2}, \s\ = 5.02 TeV, 30-40%

0.5 2

|ALICE arXiv:2603.18966|

Low and intermediate—-pr

Vo(Dst) < v2(D9) = vo (D*) < va(Tt)
= |nterplay between radial and elliptic flow
= D+ early kinetic freeze-out

= Does not consistent with femo studies
Fries et al. Phys. Rev. Lett. 110 (2013) 112301

= Sequential hadronization zhao, Shi, Xu, and Zhuang
Springer Proc. Phys. 250 (2020) 275

High-pT
v2(Ds*) = v2(DO) = va (D7) = va(ri*)

= Path-length dependent energy loss

Intermediate and high-pt
Vo(Act) > vo(Dst) = vo(DO) = vo (D+) = vo(TT%)

= Strong evidence of coalescence 22



High energy nuclear collisions provide “snap-shoot” for the initial nuclear geometry

S. Zhang, Y.-G. Ma et al., Phys. Rev. C95 (2017) 064904
I W.-B. He, Y.-G. Ma et al., Phys. Rev. C94 (2016) 014301

—~ . | . | .
S - ALICE OO and Ne—Ne, s, =5.36 TeV -

> 0.2< p_<3GeVic Data 16 20
z 12M<08 ¢ v,{2 .

2 ¢ V{4

>C\.l

_‘:_; N Va{2}

O Ne

vo Ne—Ne/OO0 ratio enhancement at
small centrality

0 ’ 10 ' >0 ' -5 ™ Reveals a deformed shape of 20Ne
|ALICE arXiv:2509.06428| Centrality (%)

23



0.30

O
N
O

0.20

- ALICE Preliminary
— 00, \Sy = 5.36 TeV, FTOC 0-20%

Prompt
Prompt
Prompt

Katz et al.
Langevin
=== EPOS4HQ

L
Yoy,
......

Support QGP formation in OO collisions

Hints of vo(Dst) < v2(D0:+) at low-pr

= Support sequential hadronization
Zhao, Shi, Xu, and Zhuang
Springer Proc. Phys. 250 (2020) 275

Katz et al. Phys. Rev. C102 (2020) 041901

Langevin: Eur. Phys. J. C81 (2021) 1035
EPOS4HQ: Phys. Rev. C110 (2024) 024909

1 2

24



ALICE Preliminary

o (AR Large orbital angular

Pb-Pb 15-50%

05<p, <sGeve - MOMentum and strong

y| <0.5

AL|CE_PRC101,044611(2020) magnetic fields in nOn_
A A

] s -

. .. central collisions induce

e %" global polarization

STAR Nature 548, 62:65 (2017)

56 Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. 96 (2006) 039901
Au-Au 20-50% Z.-T. Liang and X.-N. Wang, Phys. Lett. B629 (2005) 20

|0|5 “Pref5eYc STAR Nature 548 (2018) 62 STAR Nature 614 (2023) 244
n| < 0.

= | HC Run 1 and 2: Global polarization consistent with zero (large uncertainties)

25



ALICE Preliminary

o (AR Large orbital angular

Pb-Pb 15-50%

05<p, <sGeve - MOMentum and strong
] y| < 0.5

AL|CE_PRC101,044611(2020) magnetic fieIdS in nOn_
A A

m e - :

- s CENtral collisions induce

' 0.5< P, < 5 GeV/c . ;
10° ] yicos global polarization
STAR Nature 548, 62-65 (2017)
56 Z.-T. Liang and X.-N. Wang, Phys. Rev. Lett. 96 (2006) 039901

1 AuAu20-50% Z.-T. Liang and X.-N. Wang, Phys. Lett. B629 (2005) 20

p (') 4 ff “Pref5eYc STAR Nature 548 (2018) 62 STAR Nature 614 (2023) 244
n| < 0.

(S (GEV)
= | HC Run 1 and 2: Global polarization consistent with zero (large uncertainties)

= New Run 3: First observation of polarized hyperons at LHC energies with 50

Efforts ongoing for the measurement of polarization difference
between particle and anti-particle, which is sensitive to magnetic field! g



|ALICE Phys. Rev. Lett. 125 (2020) 012301 |

00

< 0.5 Event plane T Event plane (b)10.5 @

Z;‘ . H;H " GH 1 ﬂﬁﬁﬂ R
K*°

ﬂ 0.3
0.2F + " ﬂ 0.2
H " ’ "0, = 1/3
0.1 ¢ T 0.1

2 3 4 5 1 2 3 4 5
OB (GeV/c) P (GeV/c)

Not consistent with early direct
extrapolation from A measurements
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|ALICE Phys. Rev. Lett. 125 (2020) 012301 |

< 0.5 Event plane T Event plane (b) 70.

L %H;H o aH L dod]

ﬂ ’

¢

0.2F - " ﬂ —0.
H " "0y = 1/3

0.1 ? -+ —0.

f 2 3 4 5 1 2 3 4 5
OB (GeV/c) P (GeV/c)

s p
3 e -~
h 4 AR .
[ v 3
A Aee B Lo pooag o O A T T T R T B T R N N O TN A T P U P P L O e TN T T T PR s, DYVR AR PO~ 2 Pl
|~ N _ |~ T .~ |, - . N N - » |~ N - _ { - \ -
1 -
‘ ’ b 4| T
. ‘

Not consistent with early direct

. Would a similar trend show at
extrapolation from A measurements

heavy-quark sector? 8



ALICE Phys. Rev. Let

131 (2023) 042303

JHEP 2510 (2025) 094
|ALICE Phys. Rev. Lett. 125 (2020) 012301 | 0 e
= | | | | | | | | | | = U i ALICE
<. 0.5F Event plane (a) T Event plane (b)10.5 @ 0.6~ 30-50% Pb—Pb, |'s,, = 5.02 TeV
KO - Reaction plane
0.4 T -

0.3F

0.2

0.1

gt

ﬂ

>

t

— ' —

! ,000:1/3
f 2 3 4 5 1 2 3 4 5
P (GeV/c) P (GeV/c)

Not consistent with early direct
extrapolation from A measurements

(P,

J/ and D*+ seems to feature

= Inclusive J/y !
Prompt D*+
0.3<|y|<0.8

ki

it

Y4
Y4

! 4
4 ¢ o PromptD*,0.3<lyl<0.8

0.2 s' ¢ Inclusive J/y,2.5<y <4.0
O L 1 1 | 5 1 | !10! || !15! || !20! || !25! | !30! ||
P (GeV/c)

common trend at overlapping pr 29



| ALICE JHEP 2510 (2025) 094 ALICE Phys. Rev. Lett. 131 (2023) 042303
8 T 1T 11 | 111 | 111 | I I | I I | I I | 1T 1] JHEP 2510 (2025) 094
Q : : 8 I Y O B B I
0.6 o Q - ALICE -
i - 0.6 30-50% Pb—Pb, |5, = 5.02 TeV -
0 5'_ N - Reaction plane -
: : WJ38 Inclusive J/ ! -
0.4F - g 25<y<4 -
i o ) 0.4 | Prompt D*+
03__ A _ I % ’ 0.3 < Iyl < 0.8 l
= : A [~ ¢ i
i . o5 4 ,° B
sl Prompt D*+ . B — I ¢ _
o <03 CeTtr‘a"ty 30-50% - - 4 ¢ o PromptD*,03<lyl<08 -
i : ¢ lyl<0.3 i 0.2 e ¢ Inclusive J/y,2.5<y <4.0 —
01__ .03<‘y‘<08 —_ _I!!!!!!!!!!!!!!!!!!!!!!!!._
| N SN T T AN T T M N T U N N U N T U N T AN AN N NN A B AR |- Qé 0 5 10 15 20 25 30

0 5 10 15 20 25 30 p. (GeV/c)

py (GeVic) J/V and D*+ seems to feature
poo of D** increases with pr at large rapidity common trend at overlapping pr 4,



Advertisement

ALICE Phys. Rev. Lett. 125 (2020) 012301 _ |ALICE JHEP 2510 (2025 094] NN
o 1 1 1 1 1 1 1 1 1 1 o QO : i
< 0.5 Event plane (a)J- Event plane (b)40.5 < 0-6p B

05 :
0.4F -
o.3f—_¢ ~
E ‘ :
0.2 Centrality 30-50%
o lv<03 ¢ lyl<0.3 :
| 0.1 ® 0.3<lyl<08
1 2 3 4 5 1 2 3 4 5 '()'....é....1|0....1|5....2|O....2|5....3|0...'
Vv
R o (GeV/c) P, (GeV/c) b (GeVid
e What could be the possible explanation for the vector meson spin

alignment enhancement?
e Why does there seem to be a rapidity dependence on D*+ spin alignment?

= New efforts are ongoing and will be shown in HP’26 31



Femtoscopy

a b Interaction d

“ ______ Repulsive § 3; 1 I LI I LI I LI I LI I LI I LI I LI I LI I 1 I__

S . \ —— Attractive SR -

S Ob0—— /== [ e Repulsive 5 5:_ ' -

® W e —— Attractive T \ -- I, = 1 fm g

4 é‘, I PO — i

------- r, =4 fm

. . . . O 2= T 0 -

0 05 10 15 20 1 ———— N o :

rfm | 1.5 Yo “ -

_ _ Pl - : : - ey, AR ]

Emission source S(r*) Schrodinger equation 50 100 150 200 C pES « Seo .

¢ k* (MeV/c) 1'|_" ‘_ . ‘_ Lt "\-:-"T\"."’."(’-ﬂﬂmimt# ‘;‘“_‘“;":"':-;n ::::-;_- ::..-.:..;.'.i_*

Two-particle wavefunction Correlation function N O, -

sl -y 0.5 \s“ ____ —]

II/)(k,r)I :\‘a-_ :

O_I [ | I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 I [ | I_

O 20 40 o0 80 100 120 140 160 180 200
k* (MeV/c)
c | [} | I 1
N *
. j " o ” same( )
Ck*) =S|y K, r)2d3r = E(k*) ;
N mixed( ) -
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= Models include bound state Z.++(2800) Coulomb-only interaction or shallow

= Disfavored by data repulsive strong interactions a5



What do we learn?

e What is the degree of thermalization of heavy quarks in QCD medium?

e Do heavy quarks hadronization via coalescence in QGP?

= Sequential hadronization is favored

¢ |s there the dead-cone effect of medium-induced gluon radiation of
heavy quarks?

e What can we learn more from heavy quarks?

= New tool of study spin physics and strong nuclear force

Thanks for your attention!
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Raa of pr

® (STAR) AuAu 200 GeVlyl < 1
® (ALICE) PbPb 5.02 TeV Iyl <0.5
® (CMS) PbPb 5.02 TeV lyl < 1 -
® (STAR) RuRu+ZrZr 200 GeV lyl < 1-

Prompt D°, 0-10% -

ompt D mesons

ALICE JHEP 2201 (2022) 174

CMS Phys. Lett. B782 (2018) 474
STAR Phys. Rev. C99 (2019) 034908
STAR Preliminary

e Similarity between RHIC and the LHC and
among collision systems

= Counterbalance among different medium
sizes and densities, pr slopes,
hadronizations...

® Suppression up to a factor of 3-5 at high pr

= Charm undergoes strong energy loss (?)
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~ © Prompt D° (CMS) PbPb 5.02 TeV 30-50% lyl < 1 i
. ® Prompt D (ALICE) PbPb 5.36 TeV 30-50% Iyl <0.8

02!

p; (GeV/c)

STAR Phys. Rev. Lett. 118 (2017) 212301
CMS Phys. Rev. Lett. 129 (2022) 022001
CMS Phys. Lett. B816 (2021) 136253
ALICE Preliminary

(Again) similarity between RHIC and the LHC

Additional dependence on
e |[nitial geometry, fluctuations...
e Medium viscosity

® Hadronic interactions
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Clear correlations with eccentricity

= Suggest charm participating the collective

expansion of the light hadron bulk 41



Quark mass dependent Raa
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