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Parton energy loss

“Hard probes” are produced:
- in hard partonic scatterings
- inavery short time scale

l

they can interact with the medium
formed in heavy ion collisions and lose
energy via:

- medium-induced gluon radiation

- elastic collisions with medium gluons

J

Parton energy loss effect

dN,, ldp,| < <Ncoll>dep / dp,

ALICE

Pb-Pb \[S,, =2.76 TeV
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In-medium interaction o

The total energy loss:

- dominating contribution radiative
energy loss

small fraction due to elastic collisions

o
[X)

Quark AE / E

0.1

M. Djordjevic, M. Gyulassy, Nucl. Phys. A 733 265 (2004)

Path Iength L < E (GeV)

q = —> transport coefficient

A

Radiated-gluon energy distribution:

(BDMPS case) d/ @Lz
W— < Cp,[—
dw 0]
Baier, Dokshitzer, Mueller, Peigné, Schiff, NPB 483 (1997) 291. CR = Casimir coupling factor:
Zakharov, JTEPL 63 (1996) 952.
Salgado, Wiedemann, PRD 68(2003) 014008. 4/3 for q, 3 forg
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Heavy quark energy loss %
ALICE

g8 Cr=3

Energy loss colour charge dependence <AE> x C —4/3
R qg Cy=

Gluon radiation of heavy quarks is suppressed due to the introduction

of a mass term in the heavy quark propagator.
Dead cone effect

Energy distribution of the radiated gluons

)
dIrad,Q =wdlmd (l_l_ 8(?) H() =ﬂ —
7 E

dw dw

Y.L. Dokshitzer, V.A. Khoze and S.I. Troian, J. Phys. G 17, 1602 (1991);
Y.L. Dokshitzer and D.E. Kharzeev, Phys. Lett. B 519, 199 (2001).

w

Energy loss quark mass dependence

AE(light) >AE(c) > AE(b) > R,, (1) < Ry, (D) < R4, (B)
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Heavy quarks energy loss: some predictions

ALICE
ict (*). .
Energy loss based pr-edlctlons : Pb-Pb collisions at Vs = 5.5 TeV
- factor 3-5 suppression for D mesons .
2[ L LN L BRI LR LR R B
- smaller suppression for B mesons o - :
T — s 1 no energy loss
o, = 0.4 o '
— Gharm dN_/dy = 1750 GEJO.S_* dashed: q = 25 GeV°/fm ]
0.8 — Bottom dN/dy = 1750 - i solid: g = 100 GeV?fm -
= = Charm ng/dy-2900 | 0.6F 0,.. thin: m, = 0 _
— - Bottom dN /dy = 2900 i “*e.., thick: m, = 4.8 GeV
rall 0.4F massiVe*-....,. _
mg : LN
0.4~ D Sl 0.2 U ebgacgrT s ]
K _____ i 0:.,.1 N PR EPEPETET B N
0.2 R 0 5 10 15 20 25
i | B meson P, [GeV]
ool L L Armesto, et al. PRD71 (2005) 014003
pT(GeV)
Wicks, Gyulassy ) not up to date predictions.
“Last Call for LHC Predictions” workshop, 2007 New predictions at the end...
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Azimuthal anisotropy: flow and energy loss %
ALICE

<> Initial spatial anisotropy = momentum anisotropy of particles

<> The anisotropy is quantified via a Fourier expansion in azimuthal angle

(¢) with respect to the reaction plane (W, ,)

IV _ o 5= (L +2v; cos(p — W) + 202 (pr) cos[2(p — Va)| +...)

dgp 2

< Low p; v, = pressure gradients in
medium expansion
- measure of strength of collectivity
(mean free path of outgoing partons)

< High p; v, = path-length (L) dependent
energy loss in an almond-shaped
medium
- asymmetry in momentum space
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Heavy flavour v,

LICE

<> Due to their large mass, c and b quarks should be less sensitive to the
collective expansion
—> need frequent interaction with large coupling to build their v,
2 VP <v,©

<> Unigueness of heavy quarks: cannot be “destroyed/created” in the
medium =2 transported through the full system evolution

.. J. Aichelin et al. in arXiv:1201:4192
< Charm R,, and v, are sensitive to o BT ra————rv——

. . 0'18 E— -mesons
medium transport properties 0.16 | — D-mesons

b-quarks
0.14 c-quarks
0.12

=0 b
008 |
0.06 |
004 |
002 |
0.0

Heavy flavor in BAMPS

Initial hard
parton

0 2 4 6 8 10 12 14
p; [GeV]
See also J. Uphoff et al., R. Rapp et al., A. Beraudo et al.
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Heavy Flavour RHIC results %

¢ e O ALICE
PHENIX and STAR experiments 1 ;S £
measured the inclusive spectrum of .
electrons coming from heavy flavor gk 1

hadrons decay in Au-Au collisions e é #
_ 04f s ¢ ) 3 M . =
at \/SNN - 200 GeV. 9 RAA, V2 0‘2;_ Au‘.Au@ﬁ:zoocjv 6o @ QEO ¢#0 3 + %, ‘t
. £ °‘2:"('b') """"" """"" RAA
E:E 2:_ Au+Au—> D° + X @ 200 GeV y10+y11': g 0.15;— i ;W q T s 1V, p>2GeVic| ]
ral! H = 0-10% i b % u oLe° Ran & V3 .
1.5F QM 2012 ] ol gﬁﬁ ? .
; m H ; : PHENIX -
| H R N N T
i i p; [GeVic]
0.5} H'] . - STAR also measured the exclusive
: § ; reconstruction of DY in the hadronic
0% % 6 8 channel 2> R,,
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ALICE apparatus and datasets

-
<> Two main parts:
< barrel (|n]<0.9), B=0.5Tesla eSS,

(“Strip ) ( Drift ) ( Pixel )

-
—
-,

<> muon spectrometer, -4<n<-
(HMPID)

< Crucial for HF: v o G
<> vertexing, tracking ' A (= =
<> hadron and lepton ID - — e P X A
< Triggers: ‘_
<> minimum-bias (MB) | “
-

<> or centrality, in Pb-Pb
<~ single/di muon p,
<> EMCAL, high-mult., UPC

< Datasets used for the results shown:

system, Vsyy pp pp 2.76 | Pb-Pb | Pb-Pb
(TeV) 7 2.76 2.76
year 2010 2011 2010 2011

L, MB/cent 5/nb 1.5b | 2.5/ub | 6.5/ub

IPN Orsay, 28/03/2013
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ALICE triggers and Pb-Pb centrality

*  Minimum-bias (MB): combinations of the
following detectors

Pixel Fast-Or (1 or 2 hits)

VZERO scintillators (one or both sides)

2 pp: 87% of o inelastic

—> Pb-Pb: fully efficient in 0-88% of 6, ,4,onic

* Single muon: MB + a muon with p;>0.5 GeV/c and
-4<n<-2.5

m III|IIIII|IIIII|III|III‘
Pb-Pb centrality classes (percentiles § + Data
of O1.4ronic) from the VZERO signal ety Glauber fit
amplitude, which is well-described
by the Glauber-model 105 Y
* VZERO amplitude used also il
online for centrality-based o o
N HEsls| s 2
riggering 1015 g g g «g:» 3
A
|
10— ge0 0000 15000 20000

VZERO Amplitude (a.u.)
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pointing angle eri__i

D meson reconstruction

D meson from fully reconstructed
hadronic decay channels o K- 10t

D> Kmrmt
D*>DOmt o
Selection mainly based on:
- secondary vertex separation

ntir

g

: : o= \Doreconstruc(ed momentum
Ij)fllghtlme\.__,--—"

secondary vertex

- kaon identification
TOF vs momentum

/g 200 1 1 1T T T T T T T T ] g 20000 - = f”i ‘ U L B ' I 7 1
= 180- Pb-Pb,\/syy = 2.76 TeV, min. bias | ¢ 15000 Pb-Pb, |[s,,=2.76 TeV
S u . ¢ 1B 10
o ]
g 160 E = 10000[ 0-20% centrality 75
2 140F 3 = 115
%) W B o} C 1402
S o0 * Data = § 000 437
= - o Simulation with residual misalignment 3 . 7 7
T 100F o — o 0 = 3
= (only id. pions for P, < 2 GeV/c) 1 P 1510
80 "8, E (us -5000F = ]
60 "8, = = - 15 10
- 0®e . F-100001 -
40 "obee = 5 ]
- L T & 15000 & 1o°
- -~ B - e - ] -
20? iy HH :&: :&: .@ a ? § * f: ;:' E 10
O | 1 1 1 1 Lo | ] _20000 1 T L 1 FERTEI N 1
1 . 10 0 0.5 1 1.5 2 2.5 3
Impact parameter resolution P, (GeV/c)  3rXiv:1203.2160 [nucl-ex] p (GeV/c)
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Secondary vertex reconstruction

Displaced vertex topology:
- tracking and vertexing precision crucial for heavy flavour analysis

- Inner Tracking System with 6 Si layers:
two pixel layers at 3.9 cm and 7 cm

200
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Ooe
Je

T T T T |
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® Data
o Simulation with residual misalignment

(only id. pions for p, < 2 GeVlc)
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Ooe
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o
o
Cé
o

o

1 10

ALICE

O

primary vertex

Primary vertex resolution
important point for the selection

p, (GeVic) of the secondary vertices
Track impact parameter resolution ~ 60um for p, = 1 GeV/c
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D mesons cross section in pp collisions at 7 TeV

[ALICE Collaboration], JHEP 1201, 128 (2012) [arXiv:1111.1553 [hep-ex]].

ALICE
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D mesons cross section measured in the range 1 < p, < 24 GeV/c
pQCD predictions (FONLL and GM-VFNS) compatible with our data

FONLL: Cacciari et al., arXiv:1205.6344
GM-VFNS: Kniehl et al., arXiv:1202.0439
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D mesons cross section in pp collisions at 7 TeV%

[ALICE Collaboration], JHEP 1201, 128 (2012) [arXiv:1111.1553 [hep-ex]]. ﬂ L IC E
3
— e —— —— —— ——3 3
§ 10§ \ \ALICE E ,-8\ 105“” — HHAL‘IC‘;E“E = 103?” ”""""“'A'LI'(._\"EHE
L 0 El ] > F 3 v E . E 3
(05" 102? D,pp\/§=7TeV, Lim=5nb | [0)) - D+, pp‘/g=7-|-ev’ L =5nb-1 - % r Ds7 pp \s =7 TeV, le=4_8 nb 1
B E E (\5 102 = int = (D 102
r 7 Ke] E E E 3
\j; [ 0 T \j; L D+ 7 iﬁ. E D+ Theory predictions E
I7e) 10 D = 10 | B &l S \:I G s i
< E E v E 3 o et M-VFN
% C 7 g F 7 < 10= = B Lok fact E
— > L ] = E E
= 1 = il C ]
F f  B= L2 | 7 =
E 3 o) E E o ]
S s i i i
o) Al - stat. unc. % 7 ~ [ _mstat unc. ] \b 1 ALICE data points % 3
© 10 3 g's:yos:\::c E _8 1071 Oevst une. % _ ko] - stat. unc. 3
F Dewvens 3 E [JronL 3 [Jsyst. une. % ]
2 ;i 3.5% lumi, + 1.3% BR norm. unc. (not shown) ; C DGM'VFNS % ] ‘|01 E- _E
10°E , , , , 3 _o | *3.5% lumi, + 2.1% BR norm. unc. (not shown) : =
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Phys.Lett. B718 (2012) 279294

D mesons cross section measured in the range 1 < p, < 24 GeV/c
PQCD predictions (FONLL and GM-VFNS) compatible with our data

D*. mesons cross section measured in the range 2 < p, < 12 GeV/c

FONLL: Cacciari et al., arXiv:1205.6344
GM-VFNS: Kniehl et al., arXiv:1202.0439
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D mesons cross section in pp collisions

at 2.76 TeV

(5

JHEPO7(2012)191  ALICE
:;103_ LI B BN B I B LB B R LA IR I LA R R R AR R
>t Aues 1 Limited statistics
S 10°F E . ;
s @g D® meson D" meson D™ meson (1.35/nb with MB trigger)
= == == - _
o 108 == collected in 3 days in 2011
l: == ==
é‘“ F == == = = 5
A A — — = i— Data at 2.76 TeV
S [ Om %
107 F 57 TeVscaing E
E Dsys‘. + 3.5% lumi (7 TeV scaling), + 1.9% lumi (2.76 TeV data) E\ ]
FURTTSORU RO U TTRTOUN: PUUY Vst vets svvt ved VRV SUUT YN VA TOUOTIT Scaling from 7 TeV
g o % i Data /scaled |
5 - I R I S R T
B e e e AL S T R S VN A S S N B [ P FONLL: Cacciari et al., arXiv:1205.6344
P, (GeVic) b, (Gevic) P, (GeVIe)  GM-VENS: Kniehl et al., arXiv:1202.0439

Fair description by pQCD within uncertainties (FONLL, GM-VENS) as for 7 TeV data
(not shown here)

ALICE pp measurement at Vs =7 TeV scaled to Vs=2.76 TeV using FONLL
predictions and compared with data.
R.Averbeck et al., arXiv:1107.3243

FONLL: Cacciari et al., arXiv:1205.6344
GM-VFENS: Kniehl et al., arXiv:1202.0439
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LHC as heavy flavour factory

[ALICE Collaboration], JHEP 1201, 128 (2012) [arXiv:1111.1553 [hep-ex]].

%
m

T
ALICE

ALICE

JHEP07(2012)191

g ; T T

E 102; D”.ppVE=7TeV.LW=5nb"j
o 10E > F . ALICE o
_% 7 ED § wh D pp (s =7TeV,L _— ‘ ‘ ‘ 5 (ot
s = 0 D* & iy oo SE ] S E
8 wEgr : R £y o
LLLLL N .\ -
10°F e o ’§ 1 510? D 3 B
T 8 1o g g F I
a[aseim 2 veommm e mwon B[ e 10°
1 I
10°E
ALICE D mesons measurements i
. . ol
in pp collisions at 2.76 and 7 TeV :

used to compute

—@— ALICE (total unc.)
[ ALICE extr. unc.
—O— ATLAS Preliminary (total unc.)
:] ATLAS extr. unc.

—A— LHCb Preliminary (total unc.)
PHENIX

STAR

HERA-B (pA)
E653 (pA)

E743 (pA)

NA27 (pA)

NA16 (pA)

E769 (pA)

NLO (MNR)  ~

e «<|H*D>

’

’

4
IIIIIIIl

the total charm production cross section

Good agreement with NLO calculation
Increase of a factor ~7 with respect to RHIC
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D mesons reconstructlon in Pb-Pb collisions %

N% 1000-'2'<;')'<.3'G'e'\/'/t': """"""""""""
= M D’ Kw ] 2010 : ~3M central collisions (0-20%): ALICE
g T\ DO } * DY:7p,binsin 2-16 GeV/c
5 Cars ] « D*:3p, binsin 6-16 GeV/c
[ Pb-Pb, |5, = 2.76 TeVN te
L centaly: 0-20% * ; * D*:4 p,binsin 4-16 GeV/c
200:_ i =1.863 + 0.003 GeV/c? ]
b 3 o 2011: ~17M central collisions (0-7.5%)
T * D°:9p, binsin 1-24 GeV/c
£ * D*:8p,binsin 3-36 GeV/c
i * D*:8p, bins in 3-36 GeV/c
(example ” ;
2010 data) 1o§ n = 1876 £ 0.005 GeV/c? ]
5F 6 =0.020 + 0.005 GeV/c?
_ S (30) =62+ 15 . o« .
v o  eenoitund Reconstruction efficiency ~1-10%
f N3 4t Mass (Kam) (GeV/c?) — evaluated from MC simulation
£ jz Feed-down from B decays ~10-15% after cuts
o 5 — subtracted based on FONLL with hypothesis
20 + u = (145.30 + 0.15) MeV/&3 on RAAB
10F 0 (610 = 120) keV/ic? 3
EI PEETERTETELY B .S.(ao). .6?*:16. PRI

M(Knr)-M(Kn) (GeV/c?)
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D meson dN/dp, (2010 data)

pp scaled reference x <T,,> Indication of suppression ALICE

Pb-Pb yield

’6 : 0 ]
S - ALICE D" meson  |Centrality 0-20% .
8 1 -ﬂ —=— pp rescaled reference| |
= S = 5 ol —*— Pb-Pb E
© B et Systematic uncertainties ]
L [ from Data
10 == | I from B feed-down subtraction| 3
_8_“ c :ﬁ =
% ) i =~ ]
10°E =
= 1 :
C —h 7
10° —aE— —H— —
- = E
u —i—‘ﬁ* .
- | Centrality 40-80% 7
1 0—4 | | —o— pp rescaled reference —
= | —— Pb-Pb E
£ 5.3% norm. unc. on pp ref. for centrality 0-20% not shown ]
| £6.9% norm. unc. on pp ref. for centrality 40-80% not shown i
BR syst. unc. not shown

1 0'5 = 1 | 11| 111 L1 | 111 | 111 | 11| | 111 | L1 | +—

0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

ALICE Collaboration JHEP 1209 (2012) 112
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D meson suppression (2010 data)

ALICE
dN .,/ dp,

> dN,, /dp,

pp scaled reference x <T,,>
Pb-Pb yield RAA(pt)=<

|
N

coll

§ E ALICE DO meson Centrality 0-20% %
) led ref .
& 1 = o el eloece ALICE Collaboration JHEP 1209 (2012) 112
: ‘E’ - _-_ 2IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|||||||||||||||||||||||||||
g t—H@ Systematic uncertainties a r 0T l l l l l l l l ]
v [ from Data - mp° = ALICE B
=0T 1.8F + -
_>10 ==is S from B feed-down subt & ' AD* . ¥ . ]
g * 5 E oo Centrality 0-20% ¥ Centrality 40-80% .
S = S 16 —+ ] - -
z = c; n Iyl<0.5 I Pb-Pb, s, =276 TeV
107 - < .
o
F =
L o
103 T e —
- e
r +4$7
 |Centrality 40-80%
104 | —— PP rescaled reference
E [ —— Pb-Pb
+ 5.3% norm. unc. on pp ref. for centrality 0-20% not sl
+ 6.9% norm. unc. on pp ref. for centrality 40-80% not show
BR syst. unc. not shown
10'5—}\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘
2 4 6 8 10 12 14 1¢
p,(
O_I | | Lo b by by b b v v b by s b b b by b g Lya g

14 16 2 4 6 8 10 12 14 16
P, (GeV/c) P, (GeV/c)

DY, D*, D™ R,, measured in the range 2-16 GeV/c with 2010 data.

For 0-20% CC suppression is a factor 3-4 for p, > 5 GeV/c.
For 40-80% CC suppression is about a factor 1.5 for p, > 5 GeV/c
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D meson suppression (2011 data) %

ALICE
2 T 1T T 1T T T T 1T T 1T T T T T T 1T 1 dN /d
= 1 Ru(p)= aa P
& 1.8 AD - <N coll> dN ,, /dp,
O - ED" lyl<0.5 ALICE ]
Q1.6 on+ PRELIMINARY ]
0:2‘:1 J ° 0-7.5% centralty ] DO, D*, D™ Ry, measured in the
o Pb-Pb, |s=276TeV | range 1-36 GeV/c with 2011 data:
s v vt e 1 COMPatible within uncertainties
A e -| between the three mesons and with
08 @ 1 2010 results.
0.6 - .
: m 1 Suppression up to a factor 5 for D,
041 7 D* D™atp,;~10 GeV/c
02f +=ﬂ: g M E
:I L1 | || | L 111 | L] | L] | | | | | 111 I:
% 5 10 15 20 25 30 35 40
P, (GeV/c)
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D*. meson dN/dp,

D > @t > KKt BR = (2.28 +0.12)% ALICE

ct (D) = 150um _
Secondary vertex reconstruction +

3000

o 4500
> [ Pb-Pbys =276TeV, 16 x 10 events (T2 kaon identification with TPC and TOF.
34000;D;—_) (])JIZ+—> K K ot ' 3
éssoo}
S,
W

®

2500
Centrality 0-7.5 %
2000
4< pT(D;') <12 GeV/lc
1500

Significance (30) 4.8 £ 1.3

S(80) 774217 \ean = 1.970 + 0.003
B (30) 25078+ 56 gjgma = 0.012 + 0.004
S/B (30) 0.0309

1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 1 ‘

| | | | | |
1.9 1.95 2 2.05
Invariant mass KKz (GeV/c?)

1000

500

=TT
o —
m;

Analysis in three p; intervals:
4-6, 6-8, 8-12 GeV/c
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D*. meson dN/dp, %

Dt > @mt = K*KTtr BR = (2.28 +0.12)% ALICE
ct (D) = 150um

«~_ 4500 .
K Secondary vertex reconstruction +
> | Pb-Pbs,, =276 TeV, 16 x 10’ events ) y_ T )
4000yt gt KUK s kaon identification with TPC and TOF.
g 3500 ; 21;6;;;0:2 '-'
5l
SOOOW — L Y B
C . 4 o - ]
2500 * S gL . -
- Centrality 0-7.5 % 5 F D; meson .
zo0of N A B9 S L iew27eTev ALICE
- 4 <p_(D]) <12 GeV/c § - 1
1500— >1 0'1 = Systematic uncertainties =
000 Sianificance (30) 4.8+ 1.3 a F ﬂ: [] fom bata ]
E BS((:?O;) 27573-7*_'821576 Mean = 1.970 = 0.003 g : - from B feed-down subtr. :
C [6) = o Sl ma = 001 2 + 0004 + 4.8% norm. unc. on pp ref. not shown
500 C S/B (30') 0.0309 g © 10'2 ? _E_ BR syst. unc. not shown é
07 ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | : —i_ :
1.85 1.9 1.95 2 2.05 B 7
Invariant mass KKz (GeV/c?) - E l .
10°%F =
Analysis in three p; intervals: - [contraty 07.5% i i
- | —— Pb-Pb .
4_6, 6_8, 8_12 GeV/C 10-4:— —a— pp rescaled reference —
Eoo b bo b b b b b 1A
H 2 H ° 0 2 4 6 8 10 12 1 1
Indication of suppression at high p; b (GeVic)
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D+s RAA %

D%, D*, D** R,, measured in the range 1-36 GeV/c ALICE

D*. Ry, measured in the range 4-12 GeV/c
with 2011 data in central (0-7.5%) collisions

D 2_I T T | T 1T | T 1T | T 1T | T 1T | T 1T | T 1T | 17T I_
*g 1.8f Pb-Pb\syy =276 TeV - <~ First Measurement of D.;* R,, in
S I . Heavy ion collisions
o 1.6__ PRELIMINARY ]
< L . ]
U:<1 P * Average D°, D¥, D" 0-7.5%, lyl<0.5 - .
B o DY 0-7.5%, lyl<0.5 ] <> Strong suppression observed
1.2__ Filled markers : pp rescaled reference | ~3_5 for pT 8-12 GeV/c
- Open markers: pp pT-extrapoIated reference
L R -
0.8:— T _: <> RAA seems to increase at low P
o6k E but current data don’t allow for
- m ] a conclusive comparison.
0.4 ]
0.2 ﬂ J
o:l 1 1| | .| | | 111 | [ 111 | .| | | 111 | [ 111 | | 11 I:
0 5 10 15 20 25 30 35 40
P, (GeV/c)

IPN Orsay, 28/03/2013 Heavy lon Meeting - D mesons in Hi D. Caffarri 21



Mass effect (1) ? %

Charged particles, Inl<0.8, 0-10%
Charged pions, nl<0.8, 0-10%

and 1t* in 0-10% at high-p-. 1.2

[ J
o with pp pT-extrapoIated reference
o

ALICE
Raa () > Ryy (D) ? $ T
T 1.8F Pb-Pb,\/sy, =276 TeV
<> D Ry, shows a similar 1.6 N
. C Average D*,D",D 7, lyl<0.5, 0-7.5%
trend as charged particles 1.4F
1

< Indication of difference at
low-p; ?? The current
systematic and statistical
uncertainties don’t allow

to conclude s | | | | | | |

Y5710 15 20 25 30 35 40
P, (GeV/c)

IPN Orsay, 28/03/2013 Heavy lon Meeting - D mesons in Hi D. Caffarri 22



D meson R,, vs. collision centrality %

ALICE
ALICE Collaboration arXiv:1203.2160
D mesons exclusive reconstruction <KD|||||||
6 < pr<12GeV/c N ed ALICE
|y|< 0.5 n .DO
AD'
ep* _

Empty: Uncorrelated syst. uncertainties A
Filled: Correlated syst. uncertainties

6<pt<12GeV/C @ % B

5 centrality classes: 0-10%,
10-20%, 20-40%, 40-60%,
60-80%.

<> D mesons suppression
shows a clear trend vs

. ly| < 0.5
centrality.

D", D" shifted by £ 10(N_ )

0 50 100 150 200 250 300 350 400
part
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Mass effect (ll) ?

Raa(B) > Ry, (D) ? ALICE

1_2IIII|IIII|IIII|IIII|IIIIIIIIIIIIIIII
<<
CMS (CMS-HIN-12-014 ) ‘f(c Sy =276 TeV
B—>1J/ D+ X I T m ALICE D meson R,,, 6<p <12 GeV/c, lyl<0.5
6 5 < (J/LI)) < 30 G V/ B [] Uncorrelated syst. uncertainties 7
. e C B Correlated syst. uncertainti 7
s o ﬂ Pl :
Yy : I ]
Compared with i = -
D mesons exclusive reconstruction 041 L
<p;<12 GeV A Iﬂ i
6 pT Ge /C 0.2— Read from CMS-PAS-HIN-12-014 E —
| y | < 05 : ® CMS Preliminary Non-prompt J/y RAA, 6.5<pT<30 GeV/c IyI<1.2:
. - :] CMS Preliminary Nlon-prompl)t Jhp syslt. uncertalinties | i
ALICE Collaboration JHEP 1209 (2012) 112 T T BT ':'35?' =0
part

Indication of mass effect?
Different kinematics range for D and B mesons...
Not clear how to conclude.
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Interesting observations...

2 < p,< 5 GeV/c p,> 6 GeV/c ALICE
:((1.27""""""'"'|""|""|""|""7 <1 T ||||||||||||||||||||||||||||||||||7
o i ALICE i el Q} ALICE i
I Pb-Pb, {5,y =2.76 TeV - B Pb-Pb, {Syy, = 2.76 TeV
U R — 1_ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, JEIOCEOLEEEERELERER R —
o D°, lyl<0.5, 2<p_<5 GeV/c . . ¢ Average D°, D', D™, 6<p,<12 GeV/c -

m Inclusive J/yp, 2.T5<y<4.0, 2<p <5 GeV/cT
Z Correlated syst. uncertainties
[JUncorrelated syst. uncertainties

() CMS prompt JAyp, p,>6.5 GeV/c
ZCorrelated syst. uncertainties
[JUncorrelated syst. uncertainties

0.8 0.8

Siulll; - ] 0.6 .

I ] @ - ]

04 Lo | ® W - 04 - b @ .

0.2/ - { 0.2 @ @ {

: common normalization uncertainty: 7% (peripheral) to 4% (central) : E:ommon normalization uncertainty on ALICE data: 7% (peripheral) to 4% (centrali
b b b b b P g e v b b b b b Py

O0 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400

part part

Similar trend of D mesons and J/U at low and high p;.
< 2<p;<5GeV/cD(]y|<0.5) vs inclusive J/U (ALICE, 2.5<y<4)
< p;>6GeV/cD(|y| <0.5) vs prompt J/b (CMS, |y|<2.4)
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Is it a medium effect? %
ALICE

ALICE Collaboration JHEP 1209 (2012) 112

D 27 T | LI | T TT | LI | T TT | T | T | LI | T ]
< High parton density in high-energy B4 gl ALICE
nuclei leads to reduction/saturation/  § 6 o gfg/‘z’;’e”gf;'gymv E
. o YL TN ONN T 4 -
shadowing of the PDFs at small x (and < . Average D°, D, D, |y<0.5
small Q?) o ] NLO(MNR) with EPS09 shad. ]
1.2 ]
11
0.8~
<> Small effect expected 06 E
. 0.4 H -
from PDFs shadowing above 5 GeV/c 0ok HEHE]L_B_ || E
0: 1 1 | L1 | 111 | L1 | 111 | L1 1 | L1 1 | L1 | 1 1 ]
0 2 4 6 8 10 12 14 16 18
P (GeV/c)

<> Suggests that this is a hot medium effect

<> p-Pb run at LHC crucial to measure initial-state effects
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A preview...

D meson in p-Pb to quantify the relevance of initial-state effects, ALICE
which may be strong at lowp, D%, D*, D™, D,

(&) ~ a
E 600 o p-Pb, sy, = 5.02 TeV, 63M events = . .
= - ]
- S : N 7 signals with part
S _F  p-Pb,ys,,=5.02TeV, 56 x 10° events 3 e - .
gosno P70 o 3 S F somme o -29006 T 0f 2013 MB
©4000 ALICE ;%400?:/(8 (’ )1277 =40 E
~ = PERFORMANCE = o - 30) =2.34 -+ 0 i
” = 3 5 - D*—D°x+ 4 . .
£35001 1032018 30| 1 = (145.44 = 0.02) MeV/c? andcharge conjugate Sta t| St' CS.
c E 3 A AR A AA A n
L3000 0 - — 2 20 GeV/c
E D"— Kzt E <p.< eVic
2500 ; and charge conjugate é 20‘ D * + 9 D0n+ T 7:
2000/ 1< p, <24 GeV/c *e 100 3
1500} - (1.865 = 0.002) GeVic? 3 E ]
E =(0.011x 0.002) GeV/c? E oLl v 1 1 1]
1000? 0 gnificance (3c) = 29.3 = 0.9 0.135 0.14 0.145 0.15 0.155 D+ 9 K*mt ot
500 D 9 K T[ S (30) =
: S/B (3( T 1 ‘ T 1 1 7T ‘ T 1T 1T 7T ‘ 1 17T ‘ 1 T 7T ‘ 1 17T ‘ 1 17T ‘ 1 T 7T ‘
K. l Lol 11 o 1000f R 1200

R AT TR - B TS R

3<p.<24 GeVic
Invariant [ %; 900 P;

)

T T T T ™ K

p Pb \/ 5 02 TeV 58 5 M events 3 !
E )

o =(0.010 = 0.001) GeV/c®

0 800 + + - + 0 jemromumie ; ; 1000 D+ - K - PERFORMANCE
~ D ) K K 18 28/02/20135 : n T 01/03/2013

% 700 S = l and charge conjugate

= 2<p.<12GeVic 7 800 ]
P >1-2 GeV/C for the 5 600 T E t N w = (1.870 = 0.001) GeV/c® |

g s00—
four D mesons 500F - i
400 -
F E %" p-Pb, \s, = 5.02 TeV, 56M events 3
300 — | _
200 - Significance (30) =8.9 = 1.0 E sl Significance (30) = 28.3 + 0.8 B
F S (80)=535+66 u=(1.969=0.001) GeV/CzE - S (30) = 2186+ 77 ]
100F S/B (30) =0.17  ©0=(0.009 = 0.001) GeV/c" - ‘ | SB(30)=058 ‘ ‘ g
O\E e b b b b by b by 1 \E 0 ‘1'7‘ - ‘1‘75‘ = ‘1'8‘ - ‘1'85‘ . ‘1'9‘ - ‘1'95‘ - 2 - ‘2'05
19 192 194 196 198 2 202 204 206 Invariant Mass (Kr)(GeV/c?)

Invariant mass (KKn) (GeV/c?)
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Outline

ALICE
<> Heavy quarks as probes of QCD matter at the LHC

<> D mesons reconstruction in ALICE
<> reconstruction strategy
<> pp results
<> Pb-Pb measurements:
< Heavy flavour suppression at high momentum (R,,)
<> Charm azimuthal anisotropy

<> Comparison with theoretical models

<> Summary and outlook.
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Event Plane

< Event Plane determination with
TPC tracks with0<n<0.8
from the Q,, vector (n=2)

< p-weights applied to improve the TPC - EP flatness

<> Event Plane resolution computed with 2 random sub-events (R,)"
Also three sub-events method
considered: used to estimate
systematic uncertainties

—
TT

|||||||
IalFaeadf AR
.........

RRRRRRRRRRR

o)
I
g
=4
N
<
@

O
I
1
]
i
1
b
b
i
i
i
7
b
3
)

(&)
T T T[T T [TToT[TT

©c o o o o o
[¢)] ~
T T T

SN
‘TT

+0.03
R2 =0.86 . 0.06 for 30-50%

obtained as the average of the

EP resolution correction factor R,

E Pb-Pb, {5,,=2.76 TeV

[ —=— TPC (il <0.8), 2 random subev

o
(&)

resolution in finer centrality bins 0.2F = TPC(0<n<08)2random subev o
r —— VZERO, 3 subev Bt
0.1 ? [ ] Systfrom subev definition

k\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\
00 10 20 30 40 50 60 70 80

* A. M. Poskanzer, S. A. Voloshin Phys. Rev. C 58 3 (1998) Centrality (%)
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v, from yields In Plane and Out Of Plane

v [Ap| =(@—-Wy)

<> Definition of the two regions:
In Plane: |Ag| < /4
Out Of Plane : m/4 < Ay < 3n/4

<> Fit the In Plane and Out Of Plane
invariant mass distributions to
extract the raw yields in the two
regions

< v, computed from the azimuthal
asymmetries after correction for EP
resolution

1 m Niy — Nour

U2

" Ry 4 Nin + Nour

IPN Orsay, 28/03/2013

Entries/0.001 GeV/c?

Entries/0.001 GeV/c?

o
o

N
o

n
=]

o

> o
S S
T

n
o
T

@
o
T 11

D
o
]

- 3.0<p,<4.0 GeV/c

Sgnf(30) = 7.1:0.9

>4

IN PLANE

D*— K'nt*n*
9.5x10°events ¢ Pt

7 Pb-Pb, \/’SNN = 2.76TeV

F Ce‘ntral‘ity 3p-5q% ‘ ‘ ‘
{7 75 18 18 18 195 2 205
D" invariant mass (GeV/c?)

- 3.0<p,<4.0 GeV/c

Sgnf(30) =5.10.9

D

OUT OF PLANE

[ PERFORMANCE

£ 22/05/2012

17 175 18 18 19 1905 2 205
D* invariant mass (GeV/c?)

ALICE
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D? signal for EP method in 30-50%

< Signal yield from invariant mass distribution for each p; bin
<> The gaussian o of the signal fit is fixed to the value obtained

from the mass distributions integrated over A

Enlries/0.001 GeVic?

3

D% 30-50%

ALICE

2<p;<16 GeV/c

IN PLANE

2.0<p(<3.0 GeVic o

r Sgnf(30) = 9.5+0.9

Epfries/0.001,GeVic®

3.0<p‘<4.0 GgV/c

D’— Kt
9.5x10° events
o] Pb-Pb, {5 =276 TeV
Centrality 30-50%
Sgnf(30) = 10.80.9
P RPN PRPPY P FRITY YPTY PRPRL 1O

Enlries(0.001 GeVic?

4A0<p‘<6.0 GgVic

Sgnf(30) = 12.1=0.9

Entries/0.001 GeV/c*

of 6.0<p‘<8.0 eVic

“I Sgnf(30) =8.0+1.0

Entries/0.001 GeVic®

h 8.0<p‘<1 2.0 GeV/c

T sgnf(30) = 8.7+1.0

Entries/0.000 GeV/c®

15
of

4 Sgnf(30) =4.3+1.0

12.0<p‘<16. GeV/~

ALICE

PERFORMANT
22/05/2012}

17 175 18 185 19 195 2
Invariant mass (Kx) (GeV/c?)

17 175 1.8 185 19 195 2
Invariant mass (Kx) (GeV/c?)

17 175 1.8 185 1.9 195 2
Invariant mass (Kx) (GeV/c?)

1.7 1.75 1.8 1.85 1.9 195 2
Invariant mass (Kx) (GeV/c?)

17 175 18 185 19 195 2
Invariant mass (Kx) (GeV/c?)

17 175 1.8 185 1.9 195 2 205
Invariant mass (Kx) (GeV/c?)

eVis®
g

Eniries/0.001 Ge

g

OUT OF PLANE

2.0<p(<3.0 GeV/c

Sgnf(30) = 8.2+0.9

3.0<p<4.0 GeVit

¢

Sgnf(30) = 8.7+0.9

Entries/0.001 GeVic®

4.0<p‘<6.0 GeVic

Sgnf(30) = 11.0+1.0 9

17 175 18 185 19 195 2
Invariant mass (Kx) (GeV/c?)

17 175 1.8 185 19 195 2
Invariant mass (Kx) (GeV/c?)
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17 175 1.8 185 1.9 195 2
Invariant mass (Kx) (GeV/c?)

Entries/0.001 GeV/c*

s

t

sk Sgnf(30)

1.7 1.75 1.8 1.85 1.9 195 2
Invariant mass (Kx) (GeV/c?)

Entries/0.001 GeVic

asf 8.0<p‘<12.0 eVic

17 175 18 185 1.9 195 2
Invariant mass (Kx) (GeV/c?)
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Entries/0.000 GeV/c®

T 12.0p <16.q GeVic

T sgnf(30) = 5.4+1.0

17 175 18 185 19 195 2 205
Invariant mass (Kx) (GeV/c?)

D. Caffarri 31




D° v, in 30-50%

ALICE
a :I T T | T T T T T T T T T T T T | T T T | T T T | T T T | T T T |:
= 04F Pb-Pb  {sy=2.76 TeV
S - ALICE Centrality 30-50%
© 0.3 -
g L ]
oV N o] g _
> 0.2 -
N Lo | T T +eo+— ]
0.1 —
- e D°-EP2A¢bins T .
'0'1:_ [ ] Syst. from data ~
0.2F Syst. from B feed-down =
:I 11 | 111 | 111 | 11 1 | 11 | | 11 1 | 111 | 111 | 11 | |:
0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

< Indication of non-zero D meson v, (3 o effectin 2 < p; <6 GeV/c)
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D mesonv,

>(\| :I T | LI | LI | 1T LI | LI | LI | 1T | LI |: .
0.4F (@ Po-Pb  |Sui=2.76 ToV- <> Consistency among the three
0.5 ~EHEE, . Centrality 30-50% 1 D meson species
: L 1 < D meson v, comparable to charged
0.2 — . .
Y ] hadron v, measured in ALICE in the
0-11 MR = S same centrality class
of =
E — @ E Oa\ 0 4_I T T T | T T T T T T T T | T T T T | T T T T | T |_
0.1 = - ) _ ]
" ¢ Charged hadrons, EP, AnI>2.0 ] 5  F Pb-Pb  s=2.76 eV
~ e D° EP2A(bins T ] £ 0.3 A
-0.2 + D:r, EP 2 A¢ bins Empty box: syst. from data | o =
E * | D* E|P 2 A¢IbinS | I Filled tl)ox: syst.I from Bfleed-dowlnE o
0O 2 4 6 8 10 12 14 16 18 >'0.2

P, (GeV/c)

0.1
< D%y, is larger in 30-50% centrality class.

0

< v, centrality dependence in the p; bins_O
[2-3], [3-4] GeV/c, consistent with | ]
v, larger in semiperipheral than 020 L T

. 10 20 30 40 50
in central events Centrality (%)

1 e D° EP2A¢ bins, 2<p <3 GeV/c
A

(0] .
D", EP 2 A¢ bins, 3<p_|_<4 GeVic Empty box: syst. from data

o
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Outline

ALICE
<> Heavy quarks as probes of QCD matter at the LHC

<> D mesons reconstruction in ALICE
<> reconstruction strategy
<> pp results
<> Pb-Pb measurements:
< Heavy flavour suppression at high momentum (R,,)
<> Charm azimuthal anisotropy

<> Comparison with theoretical models

<> Summary and outlook.
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Comparison with models

6\ T T°T | T 1T T 1T LI LI | T 1T | T 17T | T 17T | LI | —]
= 045 Pb-Pb  |5y=2.76 TeV-
g 0 3:_ JALICE Centrality 30-50%  J
— | .
o - ]
N - -
o - ]
=" 0.2F =
Cow ]

0.1 = , ) IRReS _

I :. . l_-“.'....E’ *, ]

— 5 Y4 . | Nlalemis 3 —

& e @ A EN 7]

ol<=" ]

- o D° EP2A¢bins ? N
04 Aichelin et al, Coll+LPM rad ]

" ==+ Beraudo et al, Langevin HTL .

C WHDG rad+coll T 7]

-0.2[~ - - - Rappetal. Empty box: syst. from data |
=== BAMPS Filled box: syst. from B feed-down_]

1 1 1 | 11 | 11 | 11 | 11 | 11 | 11 | 11 | 11 | —

0 2 4 6 8

10 12 14 16 18
pT(GeV/c)

IYI{NTI{N{Y{IY{{Y{N{YII‘

Average D°, D', D *, lyl<0.5 |

0-20% centrality ]
Pb-Pb,\/s\y = 2.76 TeV —
WHDG rad + coll

= Langevin HTL2
------ Coll + LPM rad _
- BAMPS -
---- Rapp et al. L'

~,
......

Simultaneous measurement/description of v, and R,,
- understanding of heavy quark transport coefficients of the medium

IPN Orsay, 28/03/2013
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Comparison with models
oL ICE

arXiv:1203.2160 [nucl-ex]

—~~ T T°T | T 1T T 1T LI LI | T 1T | T 17T | 1T | LI | — < 1 .2 !\ T !ﬂ T T T 7T { T T { 1T { 1T { 1T { T T ‘

O 0.4 _ 1 [ A D%, D', D™, lyl<0.5 |
= 04F Pb-Pb  Syy=2.76 TeV] B verage D°, D", D, lyl<0.5 -
S - ALICE Centrality 30-50% 1 * 777777777777777777777777777777777777777777777777777777777777777777 -
9 03 — PRELIMINARY y - 1 ; IE\‘ ALICE |
e ¢ ] Y 0-20% centrality ]
= 0.2F - 08k \: Pb-Pb,\/syy=2.76 TeV |
- ’ AR WHDG rad + coll il
C - . . ] DT R — + Langevin HTL2 i
- . RRZRRATI L Tt g 06 * \t VL e Coll + LPM rad _]
S e ] L === BAMPS 4
K% - - e “\‘\ --- Rapp et al. : 1 .
- e D° EP2A¢bins \ 7 0.4 . ,,;':(',\(_',:';, . ’ —
O Aichelin et al, Coll+LPM rad ] B I - 1
"=+ Beraudo et al, Langevin HTL . B 7
- WHDG rad-+coll —— . 0.2 K a1 S _
-0.2{~--- Rappetal Empty box: syst. from data | B Mo ._'_'_~_ . __T_ y_,?,_,’_:—\-‘,""‘{'“'_' Ty
=== BAMPS Filled box: syst. from B feed-down_| K i T o
i I | | 11 | 11 | 11 | 11 | 11 | 11 | 11 | 11 | = r Ll ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ B

0 2 4 6 8 10 12 14 16 18 Oo 2 4 6 8 10 12 14 16

P, (GeV/c) P, (GeV/c)

* and Aichelin et al.> can describe v, but they seem to underestimate R,

4: collisional energy loss in expanding medium
Aichelin et al.”: collisional + LPM radiative energy loss

4 Uphoff et al. arXiv: 1112.1559, > Aichelin et al. Phys. Rev. C 79 (2009) 044906
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Comparison with models

—~~ T T°T | T 1T T 1T LI LI | T 1T | T 17T | T 17T | LI | —
2 04 Pb-Pb  |5,y=2.76 TeV-
o - NN~ ]
g 0 SZ_PRFE‘J;}gEM Centrality 30-50%
S . | _
2 r ]
N — —
=" 0.2 -
oW ]

— ot ]

0.1 i e, .

— \‘ ' —

IS ]

o= _‘

- e D EP2A¢bins " -
04 Aichelin et al, Coll+LPM rad T
"=+ Beraudo et al, Langevin HTL 7

- WHDG rad+coll 1 ]
-0.2[~- - - Rappetal. Empty box: syst. from data |
Come BAMPS Filled box: syst. from B feed-down_]

i I | | 11 | 11 | 11 | 11 | 11 | 11 | 11 | 11 | =

0 2 4 6 8

10 12 14 16 18

P, (GeV/c)

OLICE

arXiv:1203.2160 [nucl-ex]

< 1 2 T T T { 1T { T { 1T { 1T { T {
<C -
o Average D°, D, D* , lyl<0.5 |
1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —
ALICE :
FE 0-20% centrality ]
08+ 't Pb-Pb,\s,y=2.76 TeV
PR WHDG rad + coll ]
R W — . Langevin HTL2 |
0.6 Ny e Coll + LPM rad —
‘ ., -=- BAMPS .
' e Rapp et al. 1 .
0'4 %:--.’s--_" " sy \ -
0.2 K %B . h_‘l‘ o 4
l."'~r..’...l‘-"'.','-’h/-.\- R L :—" - :
O L1 ‘ 111 ‘ 11| ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 1

0 2 4 6 8 10 12 14 16
P, (GeV/c)

®and Beraudo et al.” can describe R,, but they seem to underestimate v,

6. collisional + radiative energy loss in anisotropic medium
Beraudo et al.”: collisional energy loss (Langevin equation)

®W. A. Horowitz et al. J. Phys. G38, 124064 (2011), 7 W. M. Alberico et al. Eur. Phyis J. C 71, 1666 (2011)

IPN Orsay, 28/03/2013

Heavy lon Meeting - D mesons in Hi

D. Caffarri 34




Comparison with models

a _III|IIIIIIIII
o C
e - ALICE
PRELIMINARY
© 0.3
s
N :
= —

e D’ EP2A¢bins
Fermia Aichelin et al, Coll+LPM rad

-0.1 __— + Beraudo et al, Langevin HTL
C WHDG rad+coll

-0.25— - -- Rappetal
[ BAMPS

Pb-Pb \[SN =2.76 TeV_
Centrality 30-50%

AAAA

I|IIII|IIII|IIII"|IIII|IIII|III

Empty box: syst. from data
Filled box: syst. from B feed-down_]
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12 14 16 18
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OLICE

arXiv:1203.2160 [nucl-ex]

< 1 2 !\ T !ﬂ 1T T T [ 1T [ T [ 1T [ 1T [ T [
< - v 0 B
o L | Average D’, D", D* , lyl<0.5 |
e i
L S -
d )2, ALICE :
HAR 0-20% centrality i
o8} \a Pb-Pb,\[Syy=2.76 TV
IR W Y WHDG rad + coll i
DT R —  Langevin HTL2 i
06; Ill ‘\‘ “ """ Coll + LPM rad —
- % === BAMPS 1
o e “‘\\ ---- Rapp et al. ) 7
[ k PR ~eTv ey 7
0.4 % RS S i .
0.2 % - ,B A
i S L et e B mrn e, )
Ok L1 ‘ 111 ‘ 11| ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 111 ‘ 1

0 2 4 6 8 10 12 14 16
P, (GeV/c)

Rapp et al.8 seems to underestimate v, and it slightly overestimates R,

Rapp et al.8: collisional energy loss via D mesons resonances excitation + hydro evolution

8 M. He, R. J. Fries and R. Rapp, arXiv:1204.4442[nucl-th]
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Conclusions %

ALICE

<> D mesons shows a suppressions in central heavy ion collisions:
< factor 5 to p, ~ 10 GeV/c,
< indication of larger suppression for D mesons that for non-prompt J/{

<> Non-zero v, for D mesons (30 effect for D° in 2-6 GeV/c) in 30-50%:
<> D mesons “remember” the azimuthal asymmetry of the initial overlap
<~ v, comparable with that of the light-flavour hadrons
<> Cannot conclude on possible difference due to larger ¢ quark mass

< Consistent description of charm R,, and v, very challenging for models:
can bring insight on medium transport properties, also with more precise
data from future LHC runs

IPN Orsay, 28/03/2013 Heavy lon Meeting - D mesons in Hi D. Caffarri 35



... and outlook

ALICE

¢

Upgrade program endorsed by the LHCC
Targeted for 2017-2018 LHC shutdown
Conceptual Design Report CERN-LHCC-2012-013
Letter of Intent CERN-LHCC-2012-012

> <

Main points:
<> New inner tracker
— X3 precision
<> Major read-out
upgrade
- x100 MB rate ’

Courtesy S. Rossegger (CERN)

: Sketch of the ITS upgrade with halfa Pb-Pb event superimposed

- ST AT ITH
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... and outlook

(5

ALICE

< Investigate HF in-medium thermalization and hadronization

< Baryon/meson enhancement and v, splitting = most direct
indication of light-quark hadronization in a partonic system

<> Measure this in the HF sector! Does it hold for charm?

IPN Orsay, 28/03/2013

< Charm baryons: A_

S04 T ISR IR

035 D’ —Kn Pb-Pb, 30-50% 1

. T 1.7x 10" events -

< Investigate transport 03k + promt E
coefficients for heavy quarks o025 HomB

. . 0.2 o .

in the medium I :
0.15 ¢ o ]

< Sensitive to medium viscosity o :
. : RERRREEE TR ,?'Ogooo:}bi‘éfbt};

< Pin down mass dependence 0.05; l,p* * BRARLETETTTTNS:
-1“.11111“11111““‘“]IH-

OO é tll fli é 110 112 114 16

P, (GeV/c)
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ALICE

BACK UP

IPN Orsay, 28/03/2013 Heavy lon Meeting - D mesons in Hi D. Caffarri bl



Primary vertex resolution
ALICE
Half Events Method: 2 sample of random tracks for each event 2 two
reconstructed vertices per event.

| Study of the difference between
these two vertices as a function of
half multiplicity of the event.

i@ _
: 10 ST ESS s St G g 1 e s ooy _:

e : 7

‘._5 ------ Cgl?erlogmar;:ce;:

o

=107 e TR 5

For Pb-Pb central collisions the &
resolution is smaller than 10 um. 5 /[ %" 0 TR T T A
10 im0 0D 24 2 o

Peripheral and pp collisions need improved = {3
resolution on primary vertex: N A M A A W N

10 10° 10°

knOWIedge of the beam parameters Half Event Tracklet Multiplicity
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TRK resolution [um]

Luminous region determination

ALICE

Luminous region: convolution of the two particles distributions in the two
colliding bunches.
It depends on the optical parameters of the beam (emittance and amplitude

function)

For pp collisions primary vertex resolution improved from
luminous region determination.

Vertex spread distribution at\/s =

! A x TRK mthwmr :
: i ALICE Performance :
A y TRK wtth const. ; :

10 o SO DO ON SSOOON i T
0 10 20 30 4

7 TeV,* = 10m (MC)

IPN Orsay, 28/03/2013

0 Trasc%et Mgﬂiplici%lo
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Efficiencies ALICE

Efficiencies are computed using HIJING PbPb Monte Carlo
simulation with embedded PYTHIA cc events

> 1F A - D [ A ] | | | | | | T3
& ' ALICE Pb-Pb, fsy=2.76 TeV :
o 0-20% centrality
c_) i 0 - + - T *+ 0
E - DY - Knt e E D" — Kna*n* + D" "—=D"=n*
x 10" F $omimm-  nonn @ 3
) - i@ = T @
X &
8 [ e R A i i
g [ o L g
8 5 oo o=
g 10 3 E: === Prompt D E
<t % ki Prompt D, No PID
¥ 1 b Feed-down D
PR [ T T TR TR R T | P TR N N TN WO TN NN TN WO SN T SN N W N NN ] ! ! ! ! ] ! ! ! ! ]
5 10 15 6 8 10 12 14 5 10 15

P, (GeV/c) P, (GeV/c) P, (GeV/c)

ALICE Collaboration JHEP 1209 (2012) 112
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Feed down correction

Beauty feed down:

Monte Carlo method based on FONLL predictions.
Subtraction to the D° raw yield the expected secondary raw yields.

— E
% E Cacciar(i)—Frixione-Mangano-Nason-RidoIfi collaboration
0] 10° D’ — K zi* in p+p collisions at\[s,,, = 7 TeV
S e
o om0
e 107 =D —-Kn
5 —B—-D'=Knx
B 6
- 10
ola” E
Ol B
x 10° E
(a's =
m ol
10 E
10° E
o
10°g | | | L. L | L
0 5 10 15 20 25 30
p. [GeV]

IPN Orsay, 28/03/2013

prompt

Prompt fraction of raw yield, f

—
N

ALICE

—_
\Y]

—

9
I o))

o o ,
\Y] (00)
T ‘ T ‘ T ‘ T ‘ L E T ‘ T

O -
D"— Kt
pp.Ns=7TeV,L =5.0 nb”

....... FONLL-based methods

¢ D impact parameter fit
(with total uncertainty)

OO

2 4 6 8 10 1

Heavy lon Meeting - D mesons in Hi

2 14 16
P, (GeV/c)
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Feed down correction and %
beauty energy loss hypothesis ALICE

Beauty feed down:
Monte Carlo method based on FONLL predictions.
Subtraction to the D° raw yield the expected secondary raw yields.

Beauty energy loss:
Hypothesis on the energy loss of beauty quarks is adopted.
Central value: R, feed-down = R prompt

< O T T ]
Hypothesis 0.3 < RAAfeed—down / RAAprompt< 3 g K 0° meson _E:St::; ggg ]
. . S 20 Ppp- =2, T %R -
(no correction applied, s 7l szbtf;;;;ev ----- septa Gevle
Ko Q entrality 0-20% —- A 7
a systematic uncertainty added) 210 s
g o :
§ ]
Q -10— |

ALICE Collaboration JHEP 1209 (2012) 112 g b | | | |
» -30

0.5 1 1.5 2 2.5 3
Hvoothesis on (RAA feed-down)/( PP . crompt)
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Systematic uncertainties: 0-20 % CC %

Particle D’
pyinterval (GeV/c) | 2-3  12-16
Yield extraction 8%  10%
Tracking efficiency 10%  10%
0200 Cut efficiency 13%  10%
¢ . +15
centrality PID efficiency 5% 5%
MC p; shape 4% 3%
FONLL feed-down corr. 3% %
RRx " /RAA™ (Eq. 3) | g% 13%
BR 1.3% Particle D’
pyinterval (GeV/c) | 2-3  12-16
Data syst. pp and Pb-Pb B% 2%
Data syst. in Pb-Pb f%g% fg%%
Data syst. in pp 17%  17%
0-20% ling of th f 0%+ 39
centrality \/s-scaling of the pp ref. 3% T %
Feed-down subtraction % 1%
FONLL feed-down corr. flg% ¥ 5%
Rﬁd—down/RRerpt (Eq (3)) :]g% t%%

ALICE Collaboration JHEP 1209 (2012) 112
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D meson R,, Vs. p,

ALICE Collaboration arXiv:1203.2160

e N S L L L L B B L L L L L B B BB
S ,gF ®D° + ALICE -
E 7 AD Centrality 0-20% 1 Centrality 40-80% -
5 16F 'BILO_E) + Pb-Pb, |syy =276 TeV
n:§1-4:— @ = ]

12f 3

R E

08F- 3

06F E

ol Hﬂ%ﬁ | E

—f i :

bl 1 1 Lol 1 1 Lot b b b boaa b Lo baaa Laa o]

(5

ALICE

2 4 6 8 10 12 14 16

For 0-20% CC suppression is a factor 3-4 for p, > 5 GeV/c.
For 40-80% CC suppression is about a factor 1.5 for p, > 5 GeV/c

IPN Orsay, 28/03/2013
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Signal extraction with 2011 Pb-Pb data

% 1 = F T T T T N T T T T T ﬂ L I C E
= 1<p.<2 GeV/c 1 2500 é<pT<3 GeV/c 2 000 3<p.<4 GeV/c 3
2 0 : gsooo = .
0 .+ 1 @9 =}
8 D' —Kan" 7 ¢ < 4000
: e ~17M | collisi
c = =
5 I : In central collisions
1 “2000f 3000)
b-Pb,V;NN=2.76 Te 1500k 0_7 scy R
Centrality: 0-7.5% F 2000 . o).
w=1.862+ 0.002 1000 = 1.864 = 0.001 w=1.864 + 0.001 ] 0
0 =0.010= 0.002 [ 6=0.014=0.001 1000F ©=0.015=+0.001 3 D . 9 b 1 1_24 G V
S (80) = 1258 = 221 Pzerlszpcasce 500F S (30) =2862= 170 S (30) = 3602+ 214 ] . pt I n S I n e C
S/B (30) = 0.0293 , 25/07/2013 F S/B (30) = 0.1368 S/B (30) = 0.1043 1 . .
075" 78 185 19 195 2 205 075718 185 1.9 195 2 205 047578 785 1.9 195 2 205 D+ . 8p b|ns in 3_36 GeV/C
Invariant Mass (Kr) (GeV/c®) Invariant Mass (Kr) (GeV/c?) Invariant Mass (Kr) (GeV/c?) . t
* .8 p, binsin 3-36 GeV
C2000f © W D . pt INS IN - e C
=1800 = =
21600f 2 e
@ E @B @
21400F 2 2
(1200 by by
1000F
800F E s
B00F = 1.865 0.001 E sook. 1= 18650002 200F |, = 1.863 0.001 ]
400F ©=0.018+0.001 E E 0=0.021x0.002 1oof 0= 0019 0.001 E
ooof S (80)=2106= 147 E 100F S (30) = 1247 + 101 F S (30)=1123x76 ]
f SB(30)=01373 F S/B(30)=0.1979 [ SB(30)=p3016
0
17578 165 19 165 2 505 9.717518185191952205 9.717518185191952205
Invariant Mass (Kn) (GeV/c®) Invariant Mass (Kn) (GeV/c?) Invariant Mass (Kr) (GeV/c?)
~, 350FT T T T T T R T T T T T L F T T T T T
S 8<p <12 GeVic S | 12<p <16 GeV/c S b 16<p <24 GeVic
2 300f 2 120 2
ek 8 oo 8 "%
3 250 8 100: 3 60
& 200F 5 sof S sof
150E 60F 40p
F 30F
100F 1 =1.865+ 0.002 40 205_ w=1.879 = 0.008
F' 5=0.023+0.002 [ 6=0.028+0.004 F 5=0.047+ 0.006 4o ]
50F S (30) =812+ 59 E 20F S (30)=215%27 10F S(30)=178227 ¢ ¢ ]
/B (30) = 0,3566 [ /B (3q) =0.4683 E S/B(30)=03705 " E
O 1 1 1 1
1717518185191952205 17 18 19 2 21 2: e R R K R R Ry
tnvariant Mass (Kr) (GeV/c?) Invariant Mass (Kr) (GeV/c?) Invariant Mass (Kr) (GeV/c?)
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D meson dN/dp, (2011 data)

— LI L B L B B B L B
= 10g E
(0] c D" meson n
g 1 E Vg SNN=2'76 TeVv PRELIMINARY
[Te) E 3
c [ == ]
Lt o |1
= E = ystematic uncertainties E
Q_|_ E ._!_ I:l from Data ;
o . §
= 10 2 = e - from B feed-down subtr. =
Z F + 4.8% norm. unc. on pp ref. not shown 3
© : BR syst. unc. not shown :
10°g 3
10°g —— E
1 0_5 ; Centrality 0-7.5% ;
E | —— Pb-Pb 3
F | —=— pp rescaled reference .
1 0-6 L [—— pp pT-extrapoIated reference _
v b b b b b b e 9
0 5 10 15 20 25 30 35
P, (GeVlc)

pp scaled reference x <T,,>

Pb-Pb yield
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—_

‘.‘o 10 E
8 u D" meson ]
S AU
[to} F =
T f B ]
:>‘1 O_1 E EE Systematic uncertainties —
;-I— E E_!_ |:| from Data ?
Q 10-2? - from B feed-down subtr. -
Z E + 4.8% norm. unc. on pp ref. not shown E
'O : -E_ BR syst. unc. not shown :
10°%= =
10%E T <
C — 7]
10° ; Centrality 0-7.5% —B— ;
E | —— Pb-Pb —$— 3
F | —=— pp rescaled reference 3
1 0—6 ; —=— pp pT-extrapoIated reference ;
B v b b b by bvw i 1y 109

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

Heavy lon Meeting - D mesons in Hi

-1
T lyl<0.5 (GeV'e)

dN/dp._|

ALICE

LN L L L L L L B

10 E

r D*" meson ]

1 ? VSNN=2'76 Tev PR@LI;}IEFGERY 3

- = ]

1 0_1 E EE: Systematic uncertainties =

E E |:| from Data E

1 0—2 - - from B feed-down subtr. —

E + 4.8% norm. unc. on pp ref. not shown é

: BR syst. unc. not shown :

10°%E 3

B - ]

10%E E

E —— s =

5| [Centrality 0-7.5% ]

107E | —— poro — i 3

[ | —=— pp rescaled reference B

5 ; —a— PP p,-extrapolated reference ;

10k\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\é
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Indication of suppression
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Charm and pions
ALICE

 The suppression of D mesons is comparable to that of pions

2_IIIIIIIIII\IIII\IIIIIIJ'III\II

E - < 5 T T°T ‘ 1T 17 ‘ 1T T T T T ‘ T T ‘ T T
X ,gr ALICE L < - Pb-Pb,\s,,=2.76 TeV — — Rad (Vitev) .
E 0-20% ce_ntrallty . g 4 5Centrality: 0-20%3 Rad + dissoc (Vitev) |
1.6~ Pb-Pb,\[s\, =2.76 TeV — < - Average D°,D*,D", |y|<0.5 =
Ja R D% D' D" yi<05 ] LS 4f from arXivi1203.2160v1 WHDG rad:coll (Horowitz) ]
A4 e Average D°, D", D", |y|<0. - o i itz)
r + Charged hadrons, |1/<0.8 - Charged pions, n|<0.8 AdS/CFT Drag (Horowitz) .
12 ¢ 1*, n|<0.8 (Preliminary) - 3.5 N =i CUJET1.0 (Buzzatti) —
3 =
2.5
E E8-|""|""|""|""I"-
— o r - ]
2r L dashed: § = 25 GeV?/im 3
- : solid:§ =100 GeV?fm 1
1.5 6F thin:m, =0 E
- 5E thick: m, = 1.2 GeV E
1 ] : ]
C ] 4ar e
0.5 - 3F 3
0 - L1 | ‘ L1 | ‘ L 11 ‘ L1 1 ‘ L1 | ‘ L1 | ‘ L 11 i L1 1 . 2;
0 2 4 6 8 10 12 14 16 1F
(GeV/c) ot

* Heavy-to-light ratio “R,,”: a hint of Ry,°> R,,P"

* In the model calculations:
— High-p.: Ry, > 1 due colour charge effects (c-quark vs gluon)

— Low-p,: additional increase to mass effects (c-quark mass)
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Other HF measurement in ALICE: electrons
ALICE

<> HF electrons extracted with the cocktail method:
background electrons subtracted for the inclusive spectra.

<> Electron ldentification with TPC + EMCAL

(\T\ 1 “’ T T T T T T TT T T T T T T T TT T T T |§
. '6\ - | | Hea\lly fIavomljrdecayl/ eIectrclms | ]
<> Background electrons: n® + Dalitz + S jo1Lk © RTETOURLPL 00K M08 e
. . (O] E\R o pp7TeV —2. eV x(T,,
y conversion (+ J/ cocktail) S s pp7Tev—>276TeV x(T,, ) (ATLAS)
=102 FONLL 2.76 TeV (Uncertainty band) -
—o 3
% ALICE
g—hl 0-4; PRELIMINARY ]
& g
~ 107k
10°F
107 ¢
10'8_IIIIIII|||I||l||ll|]lll|lll|ll||ll|
0O 2 4 6 8 10 12 14 16 18

P, (GeVlc)
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Other HF measurement in ALICE: electrons
ALICE

<> HF electrons extracted with the cocktail method:
background electrons subtracted for the inclusive spectra.

<> Electron ldentification with TPC + EMCAL

< 2 7\ ‘ T T T T

< Background electrons: ri° + Dalitz + f 1 g FOPb. sy =276 TeV, 0-10% -
. . i e pp ref (scaled cross section at 7 TeV) ]
y conversion (+ J/ cocktail) S 1oL | | ]

5 - pp ref (FONLL calculation at 2.76 TeV)
QD a4 ]
o :
° 8 1 2 ; PPQL%EIEHERY 7:
<> Clear suppression for B B -
3 <p,; <18 GeV/c S osf ]
© - 1
"_; 0.6 % Jﬁ:
<> Amounts to a factor of 1.5-3 for & o4} 'H'%.H. %%%%'H' @Dﬁ. |
@ ™ ,
3<pT<10 GeV/c 0.2f Jﬂ“ .
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Other HF measurement in ALICE: electrons %

ALICE
<> Data Sample 2010+2011 Pb-Pb runs TPC+TOF (MB + centr. tirgger),

TPC+EMCAL analyses (EMCAL + centr. trigger)

< HF electrons extracted with the cocktail method:

background electrons subtracted for .

the inclusive spectra.
ALICE

PRELIMINARY

o
w
|

<> Electron Identification with
TPC + EMCAL, TPC+TOF

o
N
T[T

==
_+_
1

Heavy flavour decay €* v

<> Background electrons: n® + Dalitz + 0_1f_
y conversion (+ J/ cocktail) via
cocktail with their measured v,

< HF electron v, >0 at low p; :
. -0.05-20-40% Pb-Pb, |/s,,, =2.76 TeV, Inl<0.7
(>30 Eﬂ:ect In 2-3 GEV/C) Coovv L0 1y |W| [ B lnl I |

| |
0 2 4 6 8 10 12 14
P, (GeVic)
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Other HF measurement in ALICE: muons %
ALICE

<> Muons are reconstructed in the forward spectrometer -4 <y <-2.5

<> Hadrons and low-p; secondary muons are removed requiring a muon
trigger signal.

<> Subraction of /K decays with PYTHIA and PHOIJET in pp, with central
rapidity measurement for Pb-Pb

12— 77— T T T T [ T T T T T T
D’_':E [ALICE Pb-Pb \s,,=2.76 TeV, u=<- HF in 2.5<y<4 T Centrality 40-80% ]

] central
1 collisions

) T I Centrality0-10% 1) 1 < Suppression by
f @ ] @D - _H> a factor of 3 in
0.8_— T ‘H‘ .

0.6 +

0.4;— HH_HHJ&J&—H_—H— N < No evident p;

0.2 T ) dependence
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Non prompt J/¥ from CMS %

B%J/LI)+X < Illllllllllllllllllllllllllllllllllllll

o 1.4 CMS

6.5 < p; (J/¥) <30 GeV/c "I PbPb\[sy, =2.76 TeV

E ALICE: c-quarks
| y | <24 G@ average D°, D", D"
8<p <12 GeV/c, lyl<0.5 |

llIIIIII

Compared with [3] b quarks -
D mesons exclusive reconstruction - % :‘::.f":;’:'wi:".‘;:;’l
6 < p; < 12 GeV/c 06" @ .
ly|<0.5 0l H ok =
Indication of 0'2;_ @ ] _
Raa(B) > Rya (D) > Rpa(m)? 05090015200 550300 350400

Noar
Different kinematics range for D and B

mesons... hot clear how to conclude
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D meson v,: 2 particle Q-Cumulants and
Scalar Product methods ALICE

<> Alternative methods based on 2-particle correlations?:
Q-Cumulants and Scalar Product

- sensitive to the same non flow contribution as EP

_ ) D% Q-Cumulants
- no n gap used in the analysis

350 Significance: 14.2 + 0.5

S/B: 0.44 + 0.02

R 300%— )
S - Mass: 1.866 = 0.001 GeV/c
<> TPC tracks used as D 20igagy e Sigmat: 0.017 = 0.001 GeV/c?
. 200 —
Reference Flow Particles %1505_

5 1905 15-May-2012
50E-Pb-Pb |5, = 2.76 TeV

¢ vV Obta|ned from a g Centrality 30-50% x2/ndf: 1.03
.2 - 0.4—8.9 x 10° evenls + H +
simultaneous fit of the S |l|u | l |
counts and v, —— ° * TTH | 4
1 1 0.2:_ + DO — Krx

vs invariant mass - L 2<p, <6 GeVic
e - & F-CJNNNE Ry - 515
2 Bilandzic, Snellings, Voloshin, Phys. Rev. C 83 C : , Mass (GeV/c?)
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D meson v, comparison:
EP, SC and QC methods ALICE

D%30-50% D™ 30-50%
EP, SP methods EP, QC methods
a :I LI L L L L B I B LI L L I L L B I B |: a _| LA L I B LA L L I Y I L I B I_
= 0.4:— 18/05/2012 Pb-Pb  {s\=2.76 TeV_: = L 29/07/2012 Pb-Pb ﬁ=2_76 TeV -
S 0.aF Centrality 30-50% 1 E () [ AICE, ’——‘ Centrality 30-50% _|
a C 1 a - 7
=020 4 = L ] i
- n 0.2 ._B_. = = . ]
0.1— L — ; -EH— il
of- - o ]
- 4 7] | ]
0.1 ER . .
- e D°%EP2A¢bins - Preliminary L1 . "L x D™ EP2A¢bins - Preliminary .
0.2 = D° SpP Empty box: syst. from data | : v D*QC Empty box: syst. from data :
E | ’ | | | I Filled tl)ox: syst.I from B fleed-dowlnE 0.4 | ,I | | I Filled box: syst. from I?feed-dlown_
0 2 4 6 8 10 12 14 16 18 O 2 4 6 8 10 12 14 16 18 20

p, (GeV/c) p, (GeVrc)

<> Good agreement between the methods for the different D mesons
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D°R,, vs EP in 30-50% %

o | ALICE
<> Raw yield in and out of plane in 30-50%
<> Efficiencies computed from simulations
<> Feed-down subtraction with FONLL calculations
<> Reference: ALICE pp 7 TeV scaled down to 2.76 TeV
dN ,, /dp,

OD 2:I T T | LI | T T | LI | T 17T | LI | LI | T T | L L I: RAA = <T > x dO / d
g 1o oexe e @ - an ) % 4 pp P
o - Pb-Pt.), NN=2. 6 TeV __  Correlated syst. uncertainties. T
S0 B T i D oo omanies

:(( 1-4:_ I Gilobal norm. uncel.'tainty _:
c F ]
1.2— ~ ]
L — lane
g E
0.8 A i —
0.6 ﬁ ~ o _$_ i =
04 uﬁ_a:h__*_i HI £ <> M_ore suppression Out Of Plane
0.2 - - with respect to In Plane:
OO_I 1 Iél 1 I4|-I 1 I|6I 1 Iél 1 I1|0I 1 I1|2I 1 I1|4.I 1 I1|6I 1 I1|8I 1 I2_O |Onger path Iength at high pT

by (Gevic) elliptic flow at low p;
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D mesons v, Beauty feed down (I) %
ALICE

<> ALICE sample contains both prompt and feed down D meson.
To obtain the v,P™Pt of prompt D meson e need to take into
account their contribution

0.3 : : .
electrons, l[y| <0.8 ——

0.25 | non-prompt J/psi, |y| <2.4 e i
’ D mesons, |y| <0.5

<~ Since v, is additive, it is possible to write: 02 522, raingcoustng,
015 | k=0.2, K=35 |
g 0.1r
0.05 |
prompt _ 1 inclusive 1 - f prompt _ feed—down 0 [k
V2 - VZ - V2 -0.05

f prompt f prompt

<> To subtract the B feed-down contribution, we need an hypothesis on
szeed-down. All models predics vzfeed-down < vzprompt_
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D mesons v, Beauty feed down (Il) %
ALICE

<> The case v,eed-down = gjyes the extreme case and the limit for the
(asymmetric) systematic uncertainties:

feed-down — rompt — inclusive
vy =0 2 V2p Pt = Va /fprompt

¥ 0.7 < fyrompt < 0.95 computed with MC efficiencies and FONLL predictions

< forompt d€PENdSs also on the relative Ry, suppression of feed down and
prompt (as in the R,, analysis)

<> An asymmetric systematic uncertainties is computed considering the
hypothesis:

0.5 < RAAfeed-down / RAAprompt <2
0< v, feed-down v, prompt
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Efficiencies
ALICE

<> Efficiencies computed using HIJING MC with embedded Pythia cc
events. 30-50%

3 i ! —
. S - 0—> Tt e E
< No centrality dependence 5;:’ C PbePb, (5, = 276 TeV, atee |
observed L - centrality 30-50% PeRFORMANCE
; I p— e |
2 107k N S—
8 - = .
<> In Plane - Out Of Plane s F e o ]
. . . . . Q L R 0 SN S |
difference in multiplicity was < | e |
reproduced with different 10217 5 =
centrality bins. e —~&— Prompt D° .
i i P D°%, No PID .
No trend is observed. i omeron T ]
wfd Feed-down D

10-3:_ 1 | 1 1 1 1 | 1 1 1 1 | _:

5 10 15
P, (GeV/c)

IPN Orsay, 28/03/2013 Heavy lon Meeting - D mesons in Hi D. Caffarri b22



D v,: comparison with different EP

ALICE
R [ L L L B LA RN B B ,
> 0.4;_ po/07/2012 Pb-Pb  |5ui=2.76 Te ; Event plane computed using:
0 3: ALICE 7 Centrality 30-50% TPC y ho 0.8
S - - tracks with 0 < n<0.
il Lt l ;
0'25_ th;_.___\_&_ _f - TPC tracks with |n| < 0.8
0.1 -+ 1 =
= T 1 1 - VZERO detector (2.8 < n<5.1,
o _E — 4 3.7<n<-17)
0.1 ¢ D°-EP:TPC b0 — -
- D° - EP: TPC fulln :
-0.2— 0 [ g
- v D°-EP: VZERO ]
1 1 1 | 11 1 | 11 1 | 1 1 1 | 1 1 1 | 11 1 | 1 111 | 11 1 | 1 1 1 |_

2 4 6 8 10 12 14 16 18
pT(GeV/c)

o

< Consistent results for the three Event Plane.
Not sensitive to different nonflow contributions with this uncertainties
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Inner Tracker Upgrade design

Two design options are being studied: layersofsies  |IICE

7 layers of pixels

300 H : H H H H H HEH H
! - [——inr¢ - Current ITS i
= A inz - Current ITS Pixels: O(20 pm x 20 ym )
g 250 - "] —— inr¢ - "AllNew" Conf. || Strips: 95 ym x 2 cm, double sided
.. — o\ N inz - "All New" Conf.
Similar performance © .} \ ~
8 200 K i | Seings:
(Option A shown): 5 bl B i
. © 150 _ il "All New" Configuration:
X3 better in r¢ 3t | emberttenrs? e ren
- 4 : P s layer prop.: XiX =0.3%; ‘cr'm,=4pm
1 (o)) 2N 3 : S S, : — - g T rez
X7 betterinz 2100 ¥ SR T I
[e] e b s
£ sof
' REREE

2 3 4567810 20
Transverse Momentum (GeV/c)
- 1) ME

02 0.3 1
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Example of physics performance

Charlll baryon/llleson oo 2.5lllIIIIIIIIIIIIllllllllllllllIlllllllll]llll]llll HLICE
> I Pb-Pb,\[Syy = 5.5 TeV 1
3 - i
A P-Pb al\[5y = 276 TV, |y[<0.75 ' oL 10" central events ]
-
< a5l e ALICE: L ]
4 b 8% Sl - Upgraded ITS 7
data points include stal. errors r 7
2 —Preliminary estimated syst. error =10 % L _
STAR: Au-Au 200 GeV/ x /A 1.5 —
st L R i < ]
K “;* A‘—A— oBO—B?)%cenlrahly ‘210 §1|||‘\Hy|||y-v‘\\vv||vv\ IRAAN AR AR ARRN RRAS- = / \ -
py e . [ F A— pKn* ] C / \ 7
i3 i:.»», A s 15 [ Pb-PbABy=55Tev 1 1 / \ ]
oo T N " 510 E — 05 3 r / —_—l— -
05F IS SN, 18 F e C / N ]
" g : e = N .
! 1 1 1 1 LT Z 4 0 r \ -
0 10%E g — |
R R S - . 0.51 // N .
p. (GeVic ¢ [ —— N ]
! § I —=— ]
=107 F o E L -~
5’ E :8:;?:;;:?-;2-(502%) ; 0 1111 | 1111 I 1111 I 1111 I 1111 I 1111 | 1111 | 1111 | 1111 1111
@ O Upgraded ITS (70-80%)] 0 1 2 3 4 5 6 7 8 9 10
6 ———
10 Bl b b b b b b o 3 pt(GeV/C)
01 2 3 4 5 6 7 8 9 10
P, (GeVlc)

Charm vs beauty

; 4_] LI l T 1 7T l L l T 1T l L l L l T 17T [ T T l_
1 g F - = .
suppression 25 a5 Pb-PD,\ = 276 ToV
x r 10’ central events -
5 . F =
% §=25-100 GeVom € 35 Upgraded ITS ;
m}R No E loss g - 250 .
i Y —— Eosm=m=0 2% ook ] * - 3
gS.Sé Eloss,m =12GeV,m =48Ge & o5 Pb-Pb,\Sy = 2.76 TeV | o 2F =
¢ 3E @ r 10° events, centrality 0-20% Dfm r ]
255 o 20 Upgraded ITS 1.5 -
2 5 ¢ ] - E
155 215 E L E
3 S0k ] 0.5F E
05 PO-P, 0-10%, 5 =55Te 32 - B .
E ! @ 5C 1 0c- L l l T A | ]

L S U A R + 0 2 4 6 8 10 12 14 16
mesoin[G s [ RN RN SR IR IR I p(GeV/c)

@ W24 6 8 10 12 14 16 !
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RHIC results and LHC predictions

1.8

ALICE

g L L e e L L 03 |' |I| 08'
= 0o - I electrons, |y| <0.8 ——
o 1.6; (a)  0-10% central = 0.25 | non-prompt J/psi, [y| < 2.4 e
1.4F [ vanHeesetal. (Il) 3 - D mesons, ly| <0.5
C = 02 .
ST 3/(2xT) Moore & 7 - i i
1.2 I 3+2, ling,
o1 {12/@xT) Teaney (1) o5l T Keas
1 = .
= = >
0.8 -
0.6— —
- B
04— —
- el @ ] Pb+Pb
O257 AurAu @5,y =200 GeV e ;, ----------- E -0.05 \s$2.76 TeV . brerm
éN ::(‘b:)}::::}::::}::::}::::}::::}: — }:::: : 0 2 4 6 8 10 12
> = ] pr [GeV]
015 minimum bias .
B E BAMPS
- sl . .
0.05F . - Uphoff et al. arXiv: 1112.1559
ppaedf T e E
o T T2 s a s e 7 8 e
P, [GeV/c]

<> Not all models reproduce R,, and v,

simultaneously
< we expect v,B < v,P
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D°R,, vs EP comparison with models
N TCE

S 2T T T T T T T T T ] g R Plane .
') — TN . AA
— — i D°— K —s=— D°R,, Out Of Plane
g— 1.8— % 9.5x10° events —  Correlated syst. uncertainties
S — Pb-PDb, \syy = 2.76 TeV. - ] uncorrelated syst. uncertainties
s '8 ALICE Centrality 30-50% Anticorrelated syst. uncertainties
< [ PRELIMINARY B Global norm. uncertainty
< —
C 14 — WHDG rad+coll (In)
N o =snns WHDG rad+coll (Out)
1.2 BAMPS (In)

\‘

=== BAMPS (Out)
POWLANG (Beraudo et al) (In)
= = POWLANG (Beraudo et al) (Out)

-

—

-

WHDG® good agreement
with Out Of Plane results,
underestimates the

o
o

o
~

o:III|III|III|II_T%'Yﬂ

-IIIII-'--IIIl""'

WHDG has only energy loss
in anisotropic medium.
0 No hydrodynamical expansion

o
N

1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1 l 11 1

2 4 6 8 10 12 14 16
P (GeV/C)  sw. A Horowitz et al. J. Phys G G38, 124064 (2011)

(@)

P
y -
1
£ ——
r\>||||||||||||||||||||III|III|III|III|III
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D°R,, vs EP comparison with models
N TCE

S 2T T T T T T T T T ] g R Plane
D — AR Y O - 0 AA
— — D"— Ka* —a— D°R,, Out Of Plane
g— 1.8— % 9.5x10° events —  Correlated syst. uncertainties
S — Pb-PDb, \syy = 2.76 TeV. - ] uncorrelated syst. uncertainties
s '8 ALICE Centrality 30-50% Anticorrelated syst. uncertainties
< [ PRELIMINARY B Global norm. uncertainty
< —
C 14 — WHDG rad+coll (In)
N o =snns WHDG rad+coll (Out)
1.2 BAMPS (In)

\‘

=== BAMPS (Out)
POWLANG (Beraudo et al) (In)
= = POWLANG (Beraudo et al) (Out)

-

—

P i
4
L 3
——

4 good agreement with results
at low p; for both R,,.
At mid - high p; suppression
overestimated for the In Plane R,,.

o
o

o:III|III|III|II_T%'Yﬂ

o
~

IIIIIII“:IIIIIIIII

-IIIII-'--IIIl""'

o
N

BAMPS considers only collisional
1 l 1 11 l 1 11 l L1 1 l 11 1 l L1 1 l 1 1 1 l 1 1 1 l 1 1 1 l

> 4 6 8 10 12 14 16 _ 18 20energy lossin expanding medium
pT (GeV/c) 4 Uphoff et al. arXiv: 1112.1559

(@)
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D°R,, vs EP comparison with models
"' TCE

> 2T T T T T T T T g DOR,, In Plane .
- R < D°— K'n* —s— D°R,, Out Of Plane

Q 18— 9.5x10° events T Correlated syst. uncertainties

CED - Pb-Pb, \s\y = 2.76 TeV [_] Uncorrelated syst. uncertainties

s 16 ALICE Centrality 30-50% Anticorrelated syst. uncertainties

< [ PRELIMINARY B Global norm. uncertainty
D:< 14 — WHDG rad+coll (In)
B . ssnns WHDG rad+coll (Out)
10— BAMPS (In)

N

= 1m 1= BAMPS (Out)
POWLANG (Beraudo et al) (In)
= = POWLANG (Beraudo et al) (Out)

-

—

-

POWLANG’ good agreement with
Out Of Plane R,,, underestimate the
In Plane results.

o
o))

B

o
~

o:III|III|III|II_TO"|;'Yﬂ

""|"l"'.'---.--.

"".'-Hl

o
N

POWLANG’ considers only collisional
energy loss (Langevin equation).

1 l 1 11 l 1 11 l 1 1 l 11 1 l 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l

2 4 6 8 10 12 14 16 18 20
pT (GeV/C) ”W. M. Alberico et al. Eur. Phys J. C 71, 1666 (2011)

(@)

ol
y -
1
£ ——
l\)|||||||||||||||||||||||||||||||||||||||
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DY R, Vs p; (2011 data)

ALICE

D 2 B T T 1 | T T 1 | T T 1 T T 1 | T T 1 | T T 1 ]
Q. 1 8:— 4 D? meson, lyl<0.5 _:
g " [Jtotal syst. uncertainties 7
B_ 1 .6:— — pp reference syst. uncertainties Wit A _:
S r 0-7.5% centrality ]
o 14c Pb-Pb, (S =276 TeV -
1.2 :— Filled markers : pp rescaled reference _:
— Open markers: pp pT—extrapoIated reference 7]
] —_
0.8 —
0.6 -
0.4 Jﬂ - -
= A |
0.2}~ E}ﬂ-@-_@_—ﬂ— EI -
0 Cooovo b b b b b T

0 5 10 15 20 25 30

P, (GeV/c)
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