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Introduction

® heavy quark (charm, beauty) production
in pp collisions

e m_~1.3 GeV, m~4.5 GeV p g /_, D Meson

e produced early via hard cl.
scattering processes 7 oy v,y

e open heavy flavor 9

e quarkonia (J/y, Y) 2 F. Bossu \p

e crucial test for perturbative
QCD calculations (new LHC energy regime)

e baseline for studies in pA and AA collisions

® heavy flavor in pA collisions

e cold nuclear matter effects
— shadowing
— Cronin effect, k, broadening
— gluon saturation
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Introduction -
e heavy flavor in AA collisions ALICE

e early production of heavy quarks
- probes of the produced hot & dense QCD medium

e energy loss AE of partons via
induced gluon radiation while
traversing the medium

— color charge dependent (Casimir factor)
4 AEgluon > AEquark

— mass dependent (dead cone effect,
Dokshitzer & Kharzeev, PLB 519(2001)199) e R T L B B B B
> AEgluon > AEu,d,s > AEc > AEb Foy A 1

— experimentally accessible via
nuclear modification factor

path length L

Wicks or al, Muel. Phys. AT84 (2007) 416

08 =

R, (p,)= 1 dN,,/dp, SN e

AA\ Mt ) — 0.4 R
<TAA> do_pp / dp, - .

— expectation: Ry(n) < Raa(D) < Raa(B) | N ouor |
- not observed at RHIC ) R ST A MRS AP S

Py (GeV)
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ALICE apparatus
ecentral barrel (|n|<0.9) emuon spectrometerA'-'C
e tracking: ITS+TPC+TRD (-4.0 < n < -2.5)

e PID: e absorber
TPC+TOF+TRD+EMCal e tracking chambers

e vertexing: ITS \\& Muon trigger

S ST 3y =5
i ( ABSORBER )
“"‘: S TRACKING
o CHAMBERS
MUDN
/ FILTER

ZDC
=116m from LF,

. " 7 r - : @
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Data sets and MB trigger (2010

system o] pp Pb-Pb
Vs (TeV) 7 2.76 2.76
Nus <3x108 6.5 x 107 1.7 x 107

® pp collisions

e minimum bias (MB)
trigger

— VO0-A or VO-C or SPD
(VO: scintillator arrays,
SPD: silicon pixel det.)

-

SPD

:

® Pb-Pb collisions

e MB trigger
— V0-A and V0-C and SPD

e collision centrality from

Glauber fit to VO signal
‘2 10° Pb-Pb 't'\' " d 26 TeV | ; TALICEP erformance :
I%WE; (Dilat:berm wE Q’ E
D :
‘lDE— \M
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How to measure heavy flavor

e full reconstruction of hadronic decays K+

) Do - Kr f
e D 2 Knnr / _ —> 7T
o DS 9 KKTE /

e D' > D DO
e A, 2 pKn ﬁ :mé

e contribution of
semileptonic decays
to lepton spectra

e DO > IX
e D> IX
e A, 2 IX

, ' — €
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Hadronic heavy-flavor decays

® key selection: displaced vertex topology -

e track reconstruction

- TPC +ITS

e particle identification

> TPC + TOF

| - \
. 3 Night ling— _ . -

T prinmmhry yercs
primary yer(¢

o
_'_'_,.o-"'

-

e secondary vertex reconstruction

2 ITS

h
sceondary veriex

® performance examples from ALICE central barrel

2
T

1

© 9000 s 4
S [~ PbPb\/s, sy\=2.76 TeV, 3.0<10° events, p * > 2 GeVic 1
% 8000(— —
o E
™ 7000 3
=~ C J
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@ 6000— + —
g D—=Kn ]
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r 09/05/2011 1
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e* from heavy-flavor decays
e step 1: electrons in ALICE central barrel

e tracks in TPC and ITS example: 510775 00 Gev (2006 data
(hit in 1st pixel layer (X/X, < 1%)

- minimize e* from y conv.)

e electron ID
— TOF - reject K &p (low p,)
— TPC electron Bethe-Bloch line .
+ TRD (currently pp only) a0
+ EMCal (soon) 02 04 Top

] ] mass (Tog) mew.;?; 12

e hadron contamination measured PG s around the etectron ine
(multi-Gauss fits of TPC dE/dx  § Pb-Pb, TPC dE/dx
in slices of p) and subtracted 2

e step 2: extract HF contribution , &
o subtract e* background “cocktail’ | i

e pp only (for now): select e* from [ T
displaced vertices - beauty B S R X3

80—

dEfdx (TPC) (a.u.)

P / 1 4\0\"
o°
g1 e

3 .:,1\9
1.4 v-,t

10

ALICE Performance
12/052011
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u* from heavy-flavor decays

e sources for muons in the ALICE L ALIC
¥ e charm & beauty
muon spectrometer (-4 <n <-2.5) o gl f
. _IP L “_1"'“_“_;: ri::'mmn::,
® analysis strategy (pp) — " ‘
I e LT u from
e remove hadrons and low p; -4 L_wt secondary , K
secondary p* with muon trigger &1 pupniow:

e subtract p* from =, K decays
using MC (normalized to g

p @ 7 TeV, Pythia Perugia-0

data at low p,): : w e — i
~20% @ p, > 2 GeVic ol —haem

- p* from charm & beauty =~

e Pb-Pb collisions wk
e NO subtraction of 10l
decay p* (yet)

e inclusive p* at high p;

— pli—-SRcnrdany Kin
hadrans
— gk wacks

T

[HFJ)LH - small background contribution only
C

Protvino, 18.11.2011 10

18 20
p, IGeic]
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HEAVY FLAVOR
MEASUREMENTS
IN PP COLLISIONS

pQCD at work?
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D mesons at Vs = 7 TeV

| 3
n n ] * J
e p, differential cross section for D%, D*, D™ at
mid-rapidity compared with pQCD calculations
)
- ) . N RawD" |
{[J”” _ i | .fpu:m;n’ (,”1') 1 (F.’) e
df’a’ ly| <0.5 2 2.””(‘(‘5.—&]}!' (';u'rm.'pf(fjf) -BR - Linf
e ___B. Abelev et al. (ALICE), arXiv:1111.1553
“§ . ALICE | ' | ALICE § . ALICE
3 102; D,pp\s=7TeV,L =5nb N D’.ppls'?TE"ﬂL,,.,-Snb"_; @ 102; D,ppis=7TeV,L_=5nb
“52 10; = E E 32 10;
£ = SRS
8 10 : - 1 8 10
E 10—2 E_i 4% glot al‘ norm. unc. nctI shown
5 10 15 pfO(GeV/c)z_s 10 15 p:fﬂ{GQ‘U.IIC:Iiﬁ (;:: 5 10 15 pfO(GeV/C};:S

> FONLL (Cacciari et al., JHEP 9805(1998)007) and GM-VFNS

LKniehI et al., PRL 96(2006)012001) agree with measurement
[fg% ( Protvino, 18.11.2011 12 R. Averbeck, IE == II




D mesons at Vs = 2.76 TeV

e p, differential cross section for D%, D*, D™ at
mid-rapidity compared with pQCD calculations
e 2 days of data taking: integrated luminosity L, .= 1.1 nb-1

— _III| IIIIIIIIIIIIlIIIIIII
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£ = = F g :
- 1 = F - ——
. 5 o
o © =
3o == 13 == 13 0% == 3
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i o
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- FONLL and GM-VFNS compatible with the data
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Energy dependence of ¢_.in pp

e extrapolation to full
phase space using

FONLL

e from p, =2 GeV/c
to 0 (factor ~2)

o full rapidity
® measured charm
production cross
sections in pp are
consistent with
NLO pQCD
for all Vs
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D_ - ¢n*> K*Kn* at Vs =7 TeV

30 3

= ppys =7 TeV, 298 x 10" events

fsm D; - K'K'n*

G 2< P, < 4 GeVic
Zo50

=

w

Significance (30) 3.7 « 1.0
5 (3a) 126+ 36
B {3a) 1084+ 8

Mean = 1.967 + 0.002
Sigma = 0.008 + 0.002

Invariant mass KK= (GeV)

", 80
= Mean = 1.869+ 0.002  Slgnificance (3a) 4.6 = 1.1
270 Sigma = 0.010 + 0.003 S(3a)8118

= B {30) 201+ 5

% 60

= H

5 50

1
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ALI-PERF-9465

e ratio of D, to other D mesons  *
consistent with data from other *
experiments (at different Vs)
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A > pKntat Vs =7 TeV

e this is a tough measurement....

peNE = 7 TeV, 1.9x10° events

%‘ F-: pr<4GeVic A= pKm*

=
i:

Mean = 2 29025 = 0.004387
[ s DOEZ39 = LOOS °
[significance (3o 25+ 1.3 t
aof-
9 ALICE parformancs
X S Gc) 87 = 46 05201

B 31122+ 13

222 224 226 228 23 232 234

Ivarimnt Mass pio (Gevic™)
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et from heavy flavor at Vs =7 TeV

Lo [uazsw oot 612 | @ INClUSiVE €% vs. BKG cocktail

§ M
N .
= : +(e’ +e)2 2" conv.ol v .
! oo e dominant BKG due to =°
o 10° \ o Jdiy
A o _ e excess > e* from charm/beauty
<, B\ ! '
%‘\10-4 LICE @ =
ﬁ'km‘s ................. S 1§ pp,\S:?TeV,JLdt=2.6 nb”
q:_dﬂ" i 10‘15? —4— ALICEbc—>e
& 107f ‘? 10—2—? —#— ¢ - e from ALICE D mesons
g 107) S 102k
10°) B :f‘*«i‘\‘mﬂ — 3 3 35 :| FONLLbc — e
11]"9 P o Jlf. St 1o 8 SEEEC) 1‘5::‘\‘ ' % 10 3 | FONLLc > e
0 2 4 6 8 10 £
P, (GeVic) -;: 10 al
ALT-FREL-1S40 ©
e e* from heavy flavor ¢,
o
e incl. ef - cocktail > c+b
8
e decay of D mesons > ¢~} ,ofc-
e both e* from c+b as T
well as from c are well °© 2R eV

described by FONLL w5570
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et from beauty at Vs =7 TeV

e two approaches
e subtract e* from D-meson decays from e* from c+b

o select e* from displaced secondary vertex
(requires excellent control of vertex measurement)
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+hLICE(b — @) ={c — e from D meson )_[Ldt 2.6 b
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@ Electrons
) 4 lr Wi — Data
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ut from heavy flavor at Vs =7 TeV

® production cross section as function of p,and n

v [
5 F
Em‘i
E -
A e
- =
3 | Tralnan
Pk U ]
='lE F — .a-""'"-r--.__.—.fn'-_"-_"’#'ﬁ“
“F_'-_ m‘lF'j—f._ =
e [ —=— dala
10 i i [ ) p+—HF, FONLL
E uhin Li=16.5 nb™ e - [ ] pe—charm, FONLL
10* - ' 7% arror on cross-section not included [77] ne-baottom, FOMNLL
j F L L 5 " | | j F ] i | 1
22.5:-- 22.5:--
w 1.55 % 1.5
e F = L ——]
1 1
0.5 0.5
: | | |

I ' | | T 1 [ | |
;] 1 -4 -38 -36 -34 3.2 -3 2.8 -2.B
P, [Ge"l.l".rci] 1

ALI-PREL-2849

- FONLL pQCD in good agreement with data
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pp reference at \s = 2.76 TeV

® scale HF cross sections from 7 to 2.76 TeV
using a pQCD (FONLL) driven method

e assumption: no change of pQCD scales (u,, L)
and quark masses with Vs

e rel. scaling uncertalnty 25 (10) % at p: =2 (10) GeVic

A

gf“E o ;-: I gtz.?slT W?Teuwl | J | f E % 'EI w i ® cross seCtlons
S — S measured (with low
\ "L % . statistics) at 2.76 TeV
N | agree with the scaled
2= DO uzf DO, D+ =it reference within
e 3 3 U s A o T G - -
| ot B i) uncertainties
oF :E:::: rz:‘,:;:nl _i -E-EWE l‘L(_HF’ -4<Tl<-2.5, FONLL
S g 100D scaes
: T e trom2 - °-5E [ quark masses
T e = B R. Averbeck et al.,
@ PR T arXiv:1107.3243
10 15 20 25 pT [Gevﬁ']ﬂ i} 2 4 6 8 1l.'l 12 11 15 ‘I[SG Vi ]
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HEAVY FLAVOR
MEASUREMENTS
IN Pb-Pb COLLISIONS
effects of the
hot and dense medium?
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D mesons at \s,, = 2.76 TeV
e ~3x10° central Pb-Pb collisions (0-20%)

® D mesons measured for 2 < p, <16 GeV/c

(4]
(=]
=]

(3] I T T T T | T T T T I T T T I T T ~ I:
5] . = 2 3 = ]
S 9000 PbPb\s,,=2.76 TeV, 3.0<10° events, p® >2 GeVie  _ 3 | PbPbys=276 TeV, 2.9 10° events, p”’>3 GeVic 3 900 E
g 8000 —; Ezsoi_— E B00 —
- ] " : ]
= 7000 = b D - D°x; @ 700 =
» 2200} . £ ]
44 0 "+ [ £ Centrality 0-20% = E
@ 6000 = F = 600 -
= D - K T i F significance(dn) = 6.2- 1.2 u ]
IE 5000 ALICE Performance 150 S{3a) = 2052 34 —] S00 ALICE Performance B

4000 09/05/2011 Spesomist L | ALICE performance 15/05/2011

Centrality 0-20% e 100k T 05/09/2011 3 WOL™ Centrality 0-20%
3000 = - E

Significance (3 5) 12.6 + 1.1 E 2 E 300 Significance (30) 6.3+ 1.1 ]
2000 S (30) 3211+ 201 Mean =1.864£0.001 3 "3 Mean = (146.38::0.13) Mo" 2001 530510+ 86 Mean=1.879+0004
“mnf_ B t:‘ G’ 62077+ 178 S]Qma =0,016 + 0,0-02_5 F Sigma = (B 210) kevic® E 100 B (30) 60611 57 Sigma =0.023 + 0.004 .
N S B AT I AT N N %‘lL..LJL¢LL1L_L..|.L..I c-'""'""""""'""""""""""E
175 1.8 185 19 195 2 205 135 0.14 0.145 0.15 0.155 17 175 18 185 19 195 2 205
Invariant Mass (Kr) [GeV/c?] (frejRNx) Cahe Invariant Mass (Kx)[GeVic’]

e reconstruction efficiency (~1-10%) evaluated from MC

o feed down from B decays (~10-15% after cuts) evaluated
based on FONLL and subtracted

(requires assumption for B suppression: 1/3 < Ry,P/Rp,B < 3)
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D meson modification factor

e nuclear modification factor R,, of D mesons
in central (0-20%) and more peripheral (40-80%)

Pb-Pb collisions

1 dNPDb—Pb/dpt

R,, prompt D

RAA( pt )
n 2 _ T T T l T T T | T T L | T T T I T T T | L] T T T T T T
E‘ 18  Pb-Pb \s,,~2.76 TeV s DR, 40-80%CC —
o ._._ m D"R,, 40-80% cc 3
s 1'ﬁ: @ e D*R,, 40-80% -
2 14 ALICE Preliminary .
=
1.2F
15. ................. =
osf- Il 1]
osf- i
0.4 - I ILI
0.2
0: M | PR TR T |

o
]
§ -y
T
[
-
[=]

ALI-PREL-10131

T

Tan)

dcrlg)p/dpt

T T l T T T | T T T I T T T T T
Pb-Pb \’s,,=2.76 TeV

|

ALICE Preliminary

T | T T T | T T T I T ]
Ao D°R,, 0-20%CC —
® D'R,, 0-20% CC
® DR, 0-20%CC

ALI-PREL-10135

e R, of different D-meson species agree within stat. errors
e large suppression observed at high p, in central collisions
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D meson R,, vs. centrality and R
oeR,, of D° mesons (6 <p; < 12 GeVlc) versus

collision centrality E‘ 1i_...f?:ﬁf’.‘..f‘.’.s.___‘it‘t‘_’.‘.?fi'_'__tk’...._ﬁ_L__'EE.E'_'_*?_'!_“_?'Pfit&_ O
e strong centrality %M_ . st ]
= [ Data systematic unc. ]

dependence =L + [ Corote ssemete
0.6— |

® R, of D? mesons o o E
(1/T5,)xdN € /dp, o2 A=

Ror (P = e oo e e
< AA> X / pt Centrality

(=] 22”IIHIlIHllllllllllll%l,u;o.éo;,llz

o pp reference not needed ¢ ' @ LR e PP

= . s 165 ! Syst.fom R, (B) =

¢ high p, suppression IERTIE: B s
clearly seen as well C O -

ya -

05 H Iﬂ -

“uE | | :

p [GeWc]
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D%-meson elliptic flow

e dynamical medium evolution out-ot-plane
e initial state spatial asymmetry
e final state momentum asymmetry
e Fourier expansion
N AN
d°p  p,dedpdy =
o elliptic flow v, sensitive to early thermalization

E 2v, cos(n(p—¥y))

e measurement of D% with "™ T QT
. . 0.5— —=— charged particle, SP : —

respect to the orientation ; — Oz
of the reaction plane osf- E
- hint for non-zero D° 02t %"‘"% E
elliptic flow 01 ¢ R

- participation of charm O Fephe 2O

in collective dynamics? o Ly, ek omed

0 2 4 6 8 10 12 14 16
P, (GeVic)
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e inclusive e* p, spectra
in six centrality bins

e PID with TPC+TOF

e hadron contamination
(<10%) subtracted

m-103III\IIIII|IIII|IIII|IIII‘IIIIII g"_10-3
— cocktail: (e"+e)/2

8

10°

223

/

3

N/dp_dy ((GeV/c)?), ly|<0

e* spectra in Pb-Pb

_107....

| ! ' o' 0-10% x 10°
Pb-Pb,\ s, = 2.76 TeV 4 10-20% x 10°
Inclusive e‘;e' o 20-40% x 10°
40-50% x 10?
° 50-60% x 10’
° 60-80% x 10°

.'
|

."

/i

“}'

o e ol @ e
‘f': i ALICE Preliminary 1 o - 10°® E A —
o o direct v,y 10.7 ALICE Performance
- |I"|C|U5ive% 10—8 L1 |1E|;/?5:/2|031| Lov o n b v Lo v v vy v by
0 1 2 3 5 6
p, (GeV/c)

10° Pb-Pb,\/s, = 2.76 TeV
10710 0-10% central

11 L1 1 L I 1 L1 1 | 11 1 1 I | I | I L1 L1 ‘ L1 1 1 I 1 L
10— 2 3 1 s
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cocktails of background
electrons 2 e* from

heavy-flavor decays
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Ratio of inclusive e* to cocktail

o]¢) Pb-Pb peripheral Pb Pb central
® 10 T T T @ R R e R RS RAT - e T e
? E ILdt =26nb’ | ] E c"" 14 [:| Sys. arror from inclusive slecirons - c'“' 141 [:| Sys. error from inclusive electrons o
> o =1 @ ' =1 o :
= E pp\s=7TeV = I i Il = i ]
E 8; - - E 12 A ICE Priskminary - Total sys. error =1 E 12 ICE Prislminary - Total sys. error =1
- - = -
3] 1o ) ||
(=] 1o =]
2 7 + 19 10Ppb-Pb,\s,,, = 2.76 TeV <9 10-pp-Pb,\5,,, = 2.76 Te‘J- = N -
2 o T = I 35 [ 60-80% central BN (S [ 0-10%central ]
2 15 8- & 8- e -
s 5P l E % - P % : + = ¢
° 4 s 12 S¢ — 18 9 I_-_ ]
2= - 4 1'm T Wk - -
8 F o + — @ 13 v 2 | R = --- ]
3 8 + 12 4 A 12 4 ot ]
= = _i-‘-*“ T o o = i — o 1= [~ -r
2:_ ] f-" tlt_ ALICE Preliminary _: 2__ :“H-.- Pre— 3 2__ | ™ —
—— — . £
: l 1 1 — _. 0— J " é — a AL L 1 J bl i I. Ll i 1 I 'l l- i - J - é — - a L L1 J - I. L i 1 él l-
0 2 4 1 1 ) 5 1 4 5
p, (GeV/c) P, {Ee%fc} P, (GeVic)

® hint for an electron excess at low p; in Pb-Pb
e excess increases with centrality
e thermal charm production?

e thermal radiation?
(observed by PHENIX at RHIC, Adare et al., PRL 104(2010)132301)

[I’[FJ) HC Protvino, 18.11.2011 27 R. Averbeck, I == 1I



Cocktail-subtracted e* R, ,

e subtract cocktail from inclusive e* spectrum ALICE

e low p,: excess e* and huge sys. uncertainties
o above 3-4 GeV/c: dominated by heavy-flavor decays

E 2_I L} L 1 I T T 1 I T T T Ll T I T I_ = I
3 u Pbe \s 276T9V ] g 1.2 =
s 18 ---¢°0-10% |y|<0.8 E g
3 1.6 | ¢ 60-80% |y|<0.8 = i
€3 ¢ . gs
T 14r e «
i by g g

r -4 . 0.6
0.6F = 0.4L_Pb-Pb, \sy = 2. 75 TV - I
: . - et |yl<08 4.5GeVic <p, < GGeWc
0.4F ' - -
u ] 0.2 : :
0.2 - NP :
E ALICE Preliminary § normalization uncertainty - ALICE Preliminary Inormqllzatlon uncertaint
Coa a1y e by by by 1y B | | | | |
00 1 2 3 4 5 6 0 60-80% 50-60% 40-50% 20-40% 10-20% 0-10%

P; (GeV/c)

e suppression of e* from heavy-flavor decays in
Pb-Pb collisions increasing with centrality
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: : +
Rcp for inclusive p

® NO subtraction of BKG from &, K decay
- focus on R of inclusive u* with p, > 4-6 GeV/c
(£15% BG estimated from HIJING w/o quenching)

E;‘l 2 | inclusive muon ch in Ph«Pbﬁﬂ.?E TeV, 6 Gewc-:p'e:m GeVic, -4<n<-2.5
m B peripheral=60-80%
c 1 R e, Not decay background subtracted
O ¢ 1
S |
0.8
o 2
2 [ @ : ]
) .
506 4
O A
.E 0.4__ ALICE Preliminary t#::
i _ 1
““L [[__] systematic error of normalization
0

40-60% 20-40% 10-20% 0-10%

ALI-PREL-2937

Rer(P)= (1/T, ) dN*P /dp,

a
mu[ 4

— 0-10% inclusive muon R,
$120 PbPb\/S,,=2.76 TeV, -4<n<-2.5
5 B sensesssnnninene| | PEFipheral=40-80%
£ o.af— Not decay background subtracted
0.6
04" m% @
02-
| . . [ systematic error on normalization
a3 10-20% | 20-40%
1.2 i
0% 3 G ——
0. e — — GHINNN S =
0.4 ——
0.2 ;
e o RPN O | A PR T PR, Y ST Y S [P O TR PRIV SN TR PRI PR TP T
4 6 8 2 4 6 8p, [Gevre]

ALI-PREL-10807

<1/T,§\>>< dN“C/dp, ~>Suppression increasing
with centrality without

significant p, dependence
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Effect of shadowing

e comparison of D-meson R,, with model
expectation indicating the effect of shadowing

(] 2 - UL DL L DL L L L DL T T -
E— 1.8 ;— Pb-Pb \s,,=2.76 TeV : E‘i EM Ejg:z zg —;
E 16E- 0 e D" HA:A 0-20%CC
I:I‘.'E 1.4 ;— ALICE Preliminary 1 NLO(MNR) with EPS09 shad.—;
1.2 R -
1f_l _____________________ O p— ————___:‘

0.8F =

06 =
0af- -

0.2 f_ _E
. — BT

P, [GeV/c]

- heavy=flavor suppression not due to shadowing
Igut due to interaction with the produced medium
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R..: D mesons versus pions

e central Pb-Pb collisions

e D-meson R,, compatible with ©t R,, within uncertainties

e hint for less suppression of D’s w.r.t. pions at low p,
- more statistics required for conclusive statement

.I 2 T T T I T T T

=T

T

1.6
1.4
1.2
1
0.8
0.6

|I3I|IIIFI]HT'IIIII'FIIIIII]III

T
N

=

Pb-Pb \s,,=2.76 TeV o D°R,, 0-20% CC

Ok ]

ALICE Preliminary

= D'R,, 0-20% CC
e D"R,, 0-20% CC
. Ry, 0-20% CC

BIIIiI'IIIEII!|IIJIIII|I.IIIIII|III

I

o Ik

WLH ALI-PREL-10777
Vs Protvino, 18.11.2011
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Summary

e ALICE has measured prompt D meson as well as

e* and p* from heavy-flavor decays at the LHC
e in pp collisions
- pQCD calculations are in reasonable agreement with all data

e in Pb-Pb collisions
-> substantial suppression of heavy flavor in central collisions
- heavy flavor R,, data exhibit clear centrality dependence
- first measurement of D? elliptic flow

® heavy-flavor measurements hungry for statistics
-> look forward to data from the ongoing Pb-Pb run
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