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Motivation %K\%
ALICE

 Heavy quarks in pp collisions: produced in hard partonic collisions
— Test perturbative QCD calculations
— Provide a reference for Pb-Pb studies

 Heavy quarks in p-Pb collisions: sensitive to nuclear modification of PDFs
- Test shadowing models
— low-p, can be modified by gluon shadowing/ saturation: test gluon saturation models

 Heavy quarks in Pb-Pb collisions: interact strongly with the medium

— Test models of in-medium parton energy-loss AE

» Dependence on the volume and density of the medium

« Color charge dependence: AE_ > AE,

« Mass dependence (dead-cone effect): AE > AE > AE,

(Dokshitzer and Kharzeev, PLB 519 (2001) 199)
— Probe the level of heavy quark thermalization at low momentum
— Provide a reference for quarkonia studies
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Introduction _
Results from RHIC ALICE
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In Au-Au collisions at 200 GeV/c electrons
from heavy-flavour decays show:
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Introduction
Predictions for LHC ALICE
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0.8} — Bottom dN/dy = 1750 - 1 dNAA/de
— - Charm dN_/dy = 2900 RAA —
— - Bottom dN jdy = 2900 | (T 44) dGPP/de
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0al » Energy loss based predictions: factor 3-5
\D TN~ suppression for D mesons
0.2| SN = - - Significantly smaller suppression for B
| | | | | » Suppression of D mesons expected to be
%% 5 10 15 20 25 30 smaller than for light hadrons at low p.

p; (GeV)
Wicks, Gyulassy, ,Last Call for LHC

Predictions” workshop, 2007 .
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Data Sample

ALICE

* Minimum-bias trigger: with VZERO
and the 2 pixel layers of the ITS

« EMCal trigger

» Muon trigger

system,
Vs (TEV)

pp
7

PP
2.76

Pb-Pb
2.76

Centrality in Pb-Pb

~
<_ P

peripheral

| Centrality @

central

Use for this analysis the summed
amplitudes in VZERO scintillator tiles Detector
- increase with centrality

Inner
Tracking
System

o
——,

ALICE

Central Barrel
In| < 0.9

VZERO
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Muon Spectrometer
-4.0<1n <-2.5

R.Bailhache IKF, Goethe Universitat Frankfurt, 20.11.2012



Heavy-flavour measurements

D mesons, |y| < 0.5
ITS: vertexing
TPC: tracking + PID
TOF: PID

D° - Kn ,
D* - Kot ct~312um (&
D* - D%

Dt - KKt ¢1~150 um
b/c - e+X

b-e+X ct~500 um
b/c - u+X

ct~123 um 5§

with ALICE

\. Central Barrel

ACORDE
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I D mesons, |y| < 0.5

TOF: PID

\. Central Barrel

ACORDE

Heavy-flavour measurements
with ALICE

ALICE

b/c - e+ X,|y|<0.8
ITS: vertexing + tracking
TPC: PID + tracking
TRD: PID

ITS: vertexing
TPC: tracking + PID

TRACKING

CHAMBERS
MUON
FILTER

TOF: PID
EMCal: PID + trigger

D'~ Kn  ct~123 pm [N
D » Knt  ct~312pum [ e
D* - Dn

D+ - KKr ¢t~150 pm

b/c - e+ X

b-e+X cT~500 um

b/c - p+X
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Heavy-flavour measurements

D mesons, |y| < 0.5
ITS: vertexing
TPC: tracking + PID
TOF: PID

D° - Kn  ct~123 um [RUMR
D' - Knr  ct~312um e

D* - D%

D - KKnt ¢1~150 um
b/c - e+X

b-e+X ct~500 um
b/c - n+X

with ALICE

X ' ABSORBER

TRACKING

CHAMBERS
MUON
FILTER

=
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< >

DIPOLE
MAGNET

Muon Spectrometer
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ALICE

b/c - e+ X,|y|<0.8
ITS: vertexing + tracking
TPC: PID + tracking
TRD: PID
TOF: PID
EMCal: PID + trigger

b/c - R+ X
-40<y<-25
Tracking chambers
Trigger chambers
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ALICE

Results in pp collisions
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D meson cross sections
in pp at7 TeV, |y|<0.5

D+ - Knn
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B.Abelev et al., JHEP 01 (2012) 128
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ALICE

* Prompt D mesons measured at
mid-rapidity, |y|<0.5

« D% 1<p, <16 GeV/c
« Drand D™*: 1 <p, <24 GeV/c
« D,12<p,<12GeV/c

* pPQCD calculations in agreement
with the data
» Fixed-Order-Next-to-Leading-Log
(FONLL, Cacciari et al., arXiv:1205.6344)
e GM-VFNS
(Kniehl at al., arXiv:1202.0439)
« LO with k_-factor

(R.Maciula et al., arXiv:1208.6126)
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D meson cross sections
in pp at7 TeV, |y|<0.5

D, - KKm

ALICE
Di,ppis=7TeV,L =4.8nb"

Theory predictions

[ ]emvens =

% LO k, fact. E
ALICE data points % 3
M stat. unc.

+ 3.5% lumi, + 5.3% BR norm. unc. (not shown)

= N

Data / Theory

ovm G L1— LI
T l|l|l|l|¥|¥

o = N

o

B. Abelev et al

., ArXiv:1208.1948 accepted by PLB
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ALICE

* Prompt D mesons measured at
mid-rapidity, |y|<0.5

« D% 1<p. <16 GeV/c
« Drand D*:1 < p, <24 GeV/c
« D;"2<p . <12GeV/c

« pPQCD calculations in agreement
with the data
» Fixed-Order-Next-to-Leading-Log
(FONLL, Cacciari et al., arXiv:1205.6344)
e GM-VFNS
(Kniehl at al., arXiv:1202.0439)
« LO with k_-factor

(R.Maciula et al., arXiv:1208.6126)
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D meson cross sections *

214 o ALCE, p.>0, ly|<0.5 SHM —
< [ A LHCDb Prelim, p >0, 2<y<45 - PYTHIAG, Perugia-0 * Perpt I?_mesons measured at
120 g e p 0 yI<0.5,p>0" mid-rapidity, |y|<0.5
1:_ A ZEUS, p >3.8 GeV/c mid-y B
E ¢ H1, p,>2.5 GeV/c, mid-y E o DO: 1 < pT < 16 GeV/C
o E . Drand D*: 1 < p_< 24 GeVi/c
0.6]- - « D;:2<p . <12GeV/c
B -qe % ° ]
0.4 Hﬁ& + ?A% ]
- % t "}% . « pQCD calculations in agreement
- T % E with the data
ol ]  Fixed-Order-Next-to-Leading-Log
= L D; b; (FONLL, Cacciari et al., arXiv:1205.6344)
° ° « GM-VFNS
B. Abelev et al., ArXiv:1208.1948 accepted by PLB Jniclnl e ell,, EmAVEDa ok eke)

« LO with k_-factor

13 (R.Maciula et al., arXiv:1208.6126)
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blc - | + X cross sections

In pp at7 TeV

b/c - e+ X, |y| <0.5
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B.Abelev et al., PLB 708 (2012) 265

FONLL calculations describe relatively well the measured HF decay lepton differential

cross-sections
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1/(2np,) do/(dp dy) (mb/(GeV/c)?)

Data/FONLL

10% ¢

[y
Q
w

10 £

b e+ X cross sections

rec. track e

pp, \s =7 TeV _f
additional 3.5% normalization uncert. J

ALICE

PRELIMINARY

b-decay electrons 3
i.p. cut (Iy|<0.8), arXiv:1208:1902
sec. vix. (|y|<0.7), Preliminary 3
FONLL

Measured electrons from B hadron decays
ct ~ 500 um for B hadrons

» Impact parameter analysis

Select e via p, dependent minimum impact
parameter cut d (e.g. |d,| > 250 um for p,~ 2.5 GeV/c)
» B-tagging analysis

Reconstruct a secondary vertex
» e-hadron correlation analysis:
FONLL describes well the data Use the shape of the angular e-h correlation

P, (GeV/c)
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pb/0.5 GeV/c)

data/FONLL

Heavy-flavour in pp at 2.76 TeV
ALICE

b/c - n+X,25<y<4.0

oks“%HF/olpt

108 ;_\'A'LK':E' pb \5=2.76 TeV, uiléHF in 2'.5'<y'<4' ki
7? A —— data e Prompt D mesons measured
107> [ ] w*«HF FONLL - e
= 1% charm, FONLL i at mid-rapidity
SrtLLU SRR ~ C— it ebeauty, FONLL « D 1<p.<12GeV/c
ool R . D*and D*: 2 < p, < 12 GeV/c
10tL * b/c - e + X measured at mid-rapidity
1035_ = 2 <p.< 12 GeV/c
10;_ g \\:i\\\\\:ﬁ * b/c - p+X measured at foward-rapidity
1.9% normalization uncertainty not included 2 < P < 10 GeV/c
S
1.51§— e e e e » Data well reproduced by FONLL and
08&' GM-VFNS
0 2 4 6 8 10 « Limited statistics for e and D mesons
P, (GeV/c)
B.Abelev et al., PRL 109 (2012) 112301
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Total charm cross section
ALICE

B.Abelev et al., JHEP 07 (2012) 191

— IIII| T IIIIIII| T T T TTTT T IIIIIII|

S " —@— ALICE (total unc.) .
-~ 4 [ ALICE extr. unc. -
10 1 0 —E— ATLAS Preliminary (total unc.) "
© [ ATLAS extr. unc. ? -7 &
.
.
.

IIIIII|

—-A— LHCb Preliminary (total unc.)

PHENIX
STAR
HERA-B (pA)

E653 (pA) R
E743 (pA) i ’
NA27 (pA) 27

NA16 (pA) ,/

E769 (pA)
NLO (MNR)  ~

10°

[ | IIIIII|
e A<|HCI*»
| | IIIIII|

102

| I|IIIII|
| IIIIIII|

10

111 1 1 IIII| 1 IIIIIII|
102 10° 10*
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o

From the D mesons measured at mid-rapidity ,estimate the total charm cross section
NLO reproduces relatively well the data
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Baseline for Pb-Pb studies

D° - Kn b/c - e+ X

B Abelev et al JHEP 07 (2012) 191 &\ 1 E T T T ‘ T T T ‘ T T | T ‘ T T ‘ T T T | T ;
T = 6\ £ Heavy flavour decay electrons ]
g E AL|CE 7 3 ® pp,\s=7TeVscaledto\s=2.76TeV, |y|<0.5 (rebinned) 1
> C ] 10" E additional 3.5% normalizaton uncertainty 3
(o) D® meson 8 E E
- — F arXiv : 1205.5423 1

O] 102 | N = B pp,\s= 276 TeV, |y|<0.7
B ; ; % 1()'2 X additional 1.9% normalizaton uncertainty 3
z | = : = |
~ C i NQ 1073 L —,
Z 3
0 = — E
< 10¢ = 3 '?l._ % ]
A e . -4 | ,
> - . &1 ALICE :
o~ F % = PRELIMINARY
s 1F E 107

~ F ®276TeVdata E
© [ syst. unc. i ol

© + 7 TeV scaling 107k =

[Isyst. unc.
+3.5% lumi (7 TeV scaling), + 1.9% lumi (2.76 TeV data)
+1.3% BR norm. unc. (not shown)

—
o
\
\
3
T
k‘ T

8 3 350 3
g 8 3t ]
n N 25F E
E - I *
© c 1.5F E
a] E s ‘ ‘ . . . O AE T T B R 3
0 2 4 6 8 10 12 0.8— I ﬁﬁn ‘ 3
0 2 4 8
pt (GeV/C) p (GeV/c)

« D for p. < 24 GeV/c and e for p. < 8 GeV/c: measurements at 7 TeV scaled to 2.76 TeV

« Scaling Ratio = FONLL cross sections at 2.76 TeV and 7 TeV
« Scaled and measured cross sections consistent
- D above p,> 24 GeV/c and e above p,> 8 GeV/c: use FONLL calculations

- i in all the p. range: measured cross section at 2.76 TeV
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ALICE

Results in Pb-Pb collisions

 Nuclear Modification factor
 Azimuthal anisotropy
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R, Prompt D

D mesonsin 0-7.5% central Pb-Pb *
at 2.76 TeV, |y| < 0.5

2_| T TT | T T 1T | T T TT | |||||||| | T T 1T I IIIIIIII ]

1 giAverage D°D"D" E
- <035 JALICE .
165 Pb-Pb,\ §,,=2.76 TeV 1
1.4 0-7.5% centrality ~ —
C 0- 20% centrality ]
1.2 Filled markers: pp rescaled reference -
1 _} ____________________ Open markers: pp p,-exirapolated reference -
0.8 ]
0.6F .
0.4 HH ﬁ =
02" ﬁ:ﬂ: —— E

O||||| |||||||||||||||||||||||||||| ]

0510152025303540

o (GeV/c)
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ALICE

R, — 1 dNys/dpy
Ad (TAA) do'pp/de

* Prompt D mesons

« 2010 and 2011 data:
* 0-7.5% centrality: 2011 data

* 0-20% centrality: 2010 data
(B.Abelev et al., JHEP 09 (2012) 112)

» Strong suppression observed
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D mesonsin 0-7.5% central Pb-Pb %
at 2.76 TeV, |y| < 0.5

D 2_I 1T [ [ T 1T T T L | L T I_
= B 0 ]
CE)' 1.8 AD+ ]
S "D o5 .
o 1.6— eD" PRELIMINARY ]
S [ eD 0-7.5% centrality :
o 1.4 Pb-Pb, | 5, = 2.76 TeV
1.2 :_ Filled markers : pp rescaled reference _:
- Open markers: pp pT-extrapoIated reference
| o
0.8 .
0.6~ m —
0.4[||(| M i
B , I'.‘ i _
020 - =
O:I L 11 | L 111 | I - | L1 11 | I | | L1 1 1 | 1111 | L1 1 I:

0 5 10 15 20 25 30 35 40
P (GeV/c)
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ALICE

R, — 1 dNys/dpy
Ad (TAA) do'pp/de

Similar suppression observed for D *

» Predicted enhancement of strange w.r.t.
non-strange D mesons at intermediate p,

(Kuznetsova & Rafelski, EPJ C51(2007)113; He et al.,
arXiv:1204.4442; Andronic et al., arXiv:0708.1488)

* Need better precision for conclusive
statement
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I blc - e + XIn 0-10% central Pb-Pb
ALICE

Background subtracted via invariant mass method (Dalitz decays and y conversion) and cocktail (J/y)

C\/l\ 1 E S T I 1T I LI I 1T [ 1T I 1T I LI | LI 1T g § 2 - rrT | rrT | P | P | L | T | rr rr T B
S Heavy flavour decay electrons ] o L Pb-Pb,\sy,=2.76 TeV, 0-10%
N " _10N0°, 18 — l
10 e 276 TeV Pb-Pb (0-10%), [n|<0.6 0 I :
% 10 | o Pp7TeV 276 TeV x(T,, ) (ALICE) g - e pp ref (scaled cross section at 7 TeV) -
S i s pp7Tev—276TeV x(T,,) (ATLAS) = 180 & ppref (FONLL calculation at 2.76 TeV) ]
; 1 0'2 E FONLL 2.76 TeV (Uncertainty band) = 8 L ]
) : 3 < 14r ]
a o r ]
o E o °F ALICE i
zZ o C PRELIMINARY
S a4l ALICE | L= R 1
%10 E PRELIMINARY 3 5 L
= a5l S osr .
107 F ®
- 0.6
10° ¢ s
’ 2 i 1
107 ¢ 02f 'H‘
10‘8—I 1| | 1 11 | L 11 | L1 1 l 1 11 | 1 11 | L1 1 | L1 1 | L1 1 00_I : Iél : l4|-| I Iél : |8|I ‘ |1|0| : |1|2| : ‘1|4| I I1|6| I I1_8
0 2 4 6 8 10 12 14 16 18 p. (GeVic)

P, (GeV/c)

Strong suppression observed
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b/lc - n + Xin 0-10% central Pb-Pb *

ALICE

1.6 .
< E ALICE Pb-Pb \SNN=2.76 TeV, ui<— HF in 2.5<y<4 ° Background from T and K decays
140 - 0-10% subtracted via:
1.2F . _ i
1 40-80% T gnd K. Cross section extrapolated from
11---' ---------------------------------- T S mid-rapidity
0.8k Tnllm o [w « Assumption:
. 65— _+__+_'+'+ +E- % 0 < R,,*(-4.0<y<-2.5) < 2 R, ,**(y~0)
0.40 WALRRL
5 HUUT o & —#— : :
0.2F _ - o » Strong suppression observed in central
. Filled boxes: systematic uncertainty on normallzanon
) R .PbecoII|S|ons
0 2 4 ° ° p_(Gevid) « Less suppression observed in peripheral
B. Abelev et al., PRL 109 (2012) 112301 Pb-Pb collisions
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Heavy-flavour R, ,
compared to other particles

ALICE

D mesons, HF e and u D mesons, charged particles and n D mesons, Non-prompt J/y
§ 27TfTINI|||{|T!T[III\|T!T!|!I\I‘f\!l[l\l\i <1_2 \\I\‘\Illlllll‘\\\\‘\\Illllllll\\\‘\\\\
F  Pb-Pb, =2.76 TeV 7 4 T - -
0C 18- il - = 25 T ] @ | Pb-Pb, |8, =276 TeV <
1 6:_ # Average D°, D', D™ 0-7.5%, |y|<0.5 oekae A 1.8 Pb-Pb,\ s =2.76 TeV AVTCE - { | s e e e 55 i 5 5 i R 4 R e R e S
"L ¥ Heavy flavor decay e* 0-10%, [n|<0.6 b 1 6:— nnnnnnnnnnn = - m ALICEDmesonR,,, 6<p <12 GeV/c, |y|<O0. 5]
[ AHeavy flavor decay u* 0-10%, 2.5<y<4.0 - r 0 « 7 r [J Uncorrelated syst. uncertalntles 7
1.4¢ Empty boxes: syst, uncertainties b 1.4F ° Average D.D'.D, ly|<0.5, 0-7.5% = 0 8_ Correlated syst. uncertainties N
E A T o with pp p_-extrapolated reference E o JHEP 09 (2012) 112 ]
1 -2_ Filled markers : pp rescaled reference i 1 2—_ o Charged partiCleS, |T]|<08, 0-10% T L _
N Open markers: pp pT-extrapoIated or FONLL reference 7 e . Charged piOﬂS |T]|<08 0_1 0% b L i
L — E I s LR 3 0.6H H -
0.8 - 5 - + E| EI e
0.61 H H - 0.4 |E| o
o ﬁﬂ&wﬁﬁ | 5 | O
C H ] 0.2 Read from CMS-PAS-HIN-12-014 —
0.2 —— E _: | & CMS Preliminary Non-prompt J/y R, , 6.5<p,<30 GeV/c |y|<1.2 |
0:\ o e b b b b b b 0 0: ] - \:lCMS Prellmlnary NJon promrJJt Jhy syslt uncertalmtles j i
0 5 10 15 20 25 30 35 40 b5 10 15 20 25" 30 (?a’sw 40 R
P, (GeV/c) p, (GeV/c) (N D

« R,, of HF decay e (]y|<0.6) and u (-4.0<y<-2.5) similar

« R,, of HF decay e (]y|<0.6) compatible with R,, of D mesons, taking into account the decay
kinematics (p,®~ 0.5 p.®® at high p.)

 R,, of D mesons, charged particles and & similar

e Hint for R,,"< R, ,° at low p.

 Beauty R,,: non-prompt J/y (CMS) less suppressed than D mesons for p, > 6 GeV/c
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I R, of D mesons and heavy-flavour pn
ALICE

2 T 1T T T 1T T 1T L T 1T F L5l T 1T T 1T T 1T T 1T
< C | | | | T | | | |
D 2_[ LA LB O m< 1-83_ ALlCE Pb'Pb \SNN=2.76 TeV’ “,i(— HF |n 2.5<y<4 .
g .8:— Average D°,D*,D* Pb-Pb,\ s,,=2.76 TeV B 165 Centrali ty 0-10% -== NLO (MNR) with EPS09 shad. ]
g - ly|<0.5 0-7.5% centrality ~ ALTCE ] e Vitay tad. +dissoe. ]
a 16__ - 14__ -= == BAMPS ]
< - Filled markers: pp rescaled reference _: L ]
[I< 1 4__ Open markers: pp pT-extrapoIated reference b 1.2 :_ """""""" BDMPS-ASW rad _:
1 25_ —: 1:_ s pam s T T ITI R s '_-_'-'-‘-Am-—-vr-—r,v;'.,‘,'_‘,',“_‘:;t
[P NLO(MNR) with EPS09 shad. | 0-8F E
0.8 Rad-+dissoc (0-20%) ] 0.6 -
E BAMPS . F
0.6HIll e BDMPS-ASW rad =25 — 0.4F
0.4 H y = 0.2
r g i = = g " =S : E v v b e by v b e by by 07
0.2 : 1 I N A L
Lo b b b b L Lo GeV/c
O0 5] 10 15 20 25 30 35 40 pT ( )
p; (GeV/c) B.Abelev et al., , PRL 109 (2012) 112301

— The large suppression observed is most likely a final state effect
Models with various parton energy loss mechanisms can describe the data
« Small initial state (shadowing) effect expected at high momentum
» p-Pb data (January 2013) needed to quantify initial state effects
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R,,of D mesons and charged particles
ALICE

B.Abelev et al., JHEP 09 (2012) 112
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Models describe reasonably well R,, of D mesons and charged particles
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Elliptic flow measurement %r%

ALICE

« Almond shape of the overlap region
— Anisotropic pressure gradients during system expansion
Pb%us » Evolves into momentum space via multiple
% collisions — can be measured experimentally

e J@ » Probes/scans the medium

» Reveals the level of thermalization of heavy quarks
at low p

» Reveals path length dependence of the heavy-quark

energy loss in the medium at high p

Pbvaucleu |/

Fourier decomposition of particle azimuthal distribution wrt. the reaction plane

% ~ 142 v, (prnjcos(n[o- Ve
n= reaction plane (RP) angle

v, elliptic flow particle azimuthal angle
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D meson Vv,
non-central Pb-Pb collisions

Q o4
= 0.4F Pb-Pb  {Suy=2.76 TeV]
& - —  Centrality 30-50%
© 0.3— ]
g b ]
> 0.2F -
0.1 L U =
O H
- ¢ ]
0.1 =
- o D°EP2 Ad bins | | | -
'02:_ * D*; EP2 A(]) b".']S Empty box: syst. from data _:
- X ] D7, EIP 2 A¢Iblns I I Filled ﬁ)ox: syst.l from B fleed-dowln:
0 2 4 6 8 10 12 14 16 18
P, (GeV/c)

ALICE

1 gt Nin—plane_ pout—of—plane

Uy = EZ Nin—plane 4 yout—of—plane

with R — event plane resolution

Event plane method used:

» Determine the event plane in each
event with a given resolution

» Measure the yield of D mesons in- and
out-of-plane

Indication for v, > 0, consistent for all D meson species
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I D meson suppression vs event plane
ALICE

[\

—
III|III|III|III|IIHII|III|III|III|III
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T T
DO—> K —a— D° Raa In Plane ‘
—=— D°R,, Out Of Plane
9.5x10° events s AA =
—  Correlated syst. uncertainties

Pb-Pb,\s,, =2.76 TeV
pﬂ};}gﬂ%v Centl}al?lt’\;/ 30-50% [ Uncorrelated syst. uncertainties
= (o]
Anticorrelated syst. uncertinties

I Global norm. uncertainty

g

_____ T

0.8 ¥ _

0.6 $ = ”—$— i

, 3B o * s e

0.4 ?! Ll' g

0.2 =

O I|I | | |III|III| IIIIlIIIlI

0 2 4 6 8 10 12 14 16 18 0
p. (GeV/c)

For p. < 10 GeV/c: suppression out-of-plane larger than in-plane:
elliptic flow at low p., energy loss path length dependence at high p.?
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I blc - e +X 1In 20-40% central Pb-Pb

ALICE

» Electron identification:

® 03 . TPC-TOF
m -
5 02[ ALICE
=§ 0'2; pRELIMIEm « Event plane method
§ 0.15
0.1 T eincl. . ebackg.
- —+—_+_ i LeHF _ (1+a)v§ " —v,
0.051 . — 2 a
n with O = NeHF/Ne backg.
O —————————— ———
0.05-20-40% Pb-Pb, | s, = 2.76 TeV, [1<0.7 « Background subtraction:
I B BN R Fam « Mainly from y conversion, n°, n Dalitz
Pr (G0 decays
Heavy-flavour electron v, > 0 at low p. « Vv, calculated with cocktail using

measured v, of mesons
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ALICE
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HF electrons

ALICE
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Simultaneous description of R,, and v, challenging for models
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Summary

ALICE

* Unique acceptance of ALICE at low p. with a broad n acceptance

* In pp collisions: differential and total cross-sections reasonably well reproduced by pQCD

» Several measurements with different D meson species and semi-leptonic channels in Pb-Pb
» Large suppression of HF production at high momentum observed

along with azimuthal anisotropy with respect to the event plane

At mid-rapidity: R,,* ~ R,,° compatible with R, "¢

- R, "¢ at mid-rapidity ~ R,,""* at forward-rapidity

 Observation of non-zero v, of D mesons and HF e at low p_

Challenge for the models
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