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ALICE

e Motivation

e Heavy-flavour program in ALICE

e Results from proton-proton and Pb-Pb collisions
e Production cross sections
¢ Nuclear modification factor
e Elliptic flow

e Discussion and outlook
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ALICE
¢ =corb
hoa 2]
Heavy flavours are produced g <
In hard scattering processes . ¢

in the early phase of the collisions R

e Present from the early times
e |n the highest density phase

e Travel and interact in the medium,
experience the full collision history

Heavy flavours:
probe of the QGP
produced in AA collisions
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Parton energy loss and collective phenomena

Parton energy loss by:
e Medium-induced gluon radiation
e Collisions with medium partons

Depends on
o Colour charge (Casimir factor, AEg>AEu,d,S)

o Parton mass (dead cone effect, AE <AE < ..)

AE_>AE > AE,
“suppression™. m>D >B

Elliptic flow of heavy flavours

— information on medium transport properties: thermalization in QGP
(low p,) and path length dependence of the parton energy loss (high p,)
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Central barrel ElectroMagnetic
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The heavy-flavour program

ALICE

Mid rapidity:

« Hadronic decays of charm
hadrons:
D —» K r* D* — DOtr*
D*—> K NS — pK T, pKS =
D — KK '

» Semi-electronic decays of
charm and beauty hadrons
H —e+X

c,b

Forward rapidity:

« Semi-muonic decays of
charm and beauty hadrons
HC,b — U+ X
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High resolution vertexing

ALICE

pointing angle 0

pointing

impact parameters ~100 (L m 3 i ]
= - . ALICE Perfcimance .
'E' 250i . 02/05/20 N
S <0 i
E N . ]
High resolution tracking (ITS, TPC): 2 200f et A AN B e
e Single track impact parameter to 2 sof s |+ /PD-PbMC (Hiing min. bias) | ]
interaction vertex (D, H,—e) ° o : :
: 100 i i
e Secondary vertices (D) : . :
50 ’!;zhz ]
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o 1 10
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Mid rapidity: particle identification
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Mid rapidity:

identification
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Muons at forward rapidity

e Track selection

e Match track with segments in the trigger
chambers — reject punch-through
hadrons

e Distance of Closest Approach to primary
cut rejects tracks from beam-gas
interactions

§ mﬁg . PP V5=2.76 TeV, PYTHIA Perugia-0
x - ¥ . s al
E_ 107 :EE_. a : .E [ T h-::ul!.l
. . i E & s charm
* Background subtraction: , K decays 2 .* ° & " o
g = == E.‘ - O SecOndary |
e Focusonp, >2(4) GeVic (Pb-Pb) € b, "yl o padrone
. . . ) » _g-*" 1ﬂ’|;—§ - ED "2 : . o fake tracks
e pp: using as input MC simulations z [ o, Yait.,
. . 10 o L T
e PbPb: using ALICE data at mid S R S
rapidity I A L
] 2 4 G 10
P, (GeV/c) _
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Proton-proton: highlights

ALICE

e Charm and beauty production cross section (2.76 and 7 TeV) and
comparison with FONLL and GM-VFNS

e D mesons: D° D*, D*
e Single muons
e Single electrons

e More charmed hadrons: D_, A_

e Beauty via electrons:

e |mpact parameter analysis pp data samples:

e e-h correlations Js =2.76 TeV — 2011
Js=7TeV - 2010
==
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pp at Vs = 2.76 TeV: D mesons, muons %

ALICE

 Reference sample for PbPb collisions (Vs,, = 2.76 TeV)
o Relatively small data sample 2011 (L_"=1.35 nb”, L_#=19nb™)

e Differential cross section measured for D mesons and single muons
e Cross check of spectra extrapolated with FONLL from pp at Vs =7 TeV  arXiv:1107:3243
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pp at Vs = 7 TeV: D mesons, muons, electrons
NEw ~—— ALICE

Heavy flavour production cross section: o
= —4— ALICEc,b > e
D mesons HF,, —u S 0 FONLLc,b—e -
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o —
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<2 3 10°
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7367 5 10 15 pfo{Gch);s 00 ' é ' dl, ' é ' é ' g?(Gewg;z E
Data are well described by pQCD
predictions (FONLL, GM-VFNS)
within uncertainties
Important test of pQCD arXiv:1205:5423
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e (Cocktail subtraction method
(ALICE 11° and n measured

108 —4— ALICEc,b — e

ATLAS c,b — e
FONLLc, b — e, Jy| <05
FONLLc, b — e, |y] < 2 excl. 1.37 < |y| < 1.52

ALICE: arXiv:1205:5423 PR | Ll |
ATLAS: PLB707 (2012) 438 3x10 1 2 3 4567810 ; (égwc?o
FONLL: Cacciari et al. arXiv:hep-ph/980340, hep-ph/0102134 e
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Beauty measurements with electrons %
ALICE

Beauty separation based on an impact Electron-hadron
parameter cut correlations
pp at ct (b) =500 pym (pp at Vs = 2.76 TeV)
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More charmed hadrons

ALICE

5‘3 104;— % ppis=7TeV -
o E  aiee D% D', D*JHEPO1(2012) 128 ]
% 103 ™ Dy Preliminary i
3 = 3
— C W& . ]
0 107 IR I Y L
g E -H—f* D (™-50 Eb"] E POSTE R
e D — KiTTT Zf 10 —m&ﬁ%{_ —=— D (L, =4.81b") ’ .
s S G.M. Innocenti
i S 1E P -
production cross s T + 5 :
. . = —— . ]
SeCt|On 10 ? [ syst. unc. —— E
102 ; + 3.5 % global norm. unc. (not shown) é
E vl by oy o b ey oy oy 119
0 5 10 15 20 25
p, (GeV/c)
t:-“ 3600 | AC_) F’K_Tfr pp Vs = 7 TeV, 3.x1 0° events
271 p (A)>3GeVic
(=]
‘53400 +
o N\ — pKT, pK POSTER
c S W 3200 + +
S|gnals el Significance (3c) 6.6 + 1.1 D P. Pagano
- S (30) 1482 + 238 %
: S"‘B (30} 0'0304 PERFORMANCE
28001~ Mean = 2.289 + 0.002 15/05/2012

Sigma = 0.010 = 0.001
P N N R E T I I AR
222 224 226 228 23 232 234 236

Invariant Mass pKn (GeV/c?)

=1
S.Masciocchi@gsi.de ALICE Heavy flavours, HP2012 17




ALICE

e Nuclear modification factor:

_ Yield in AA 1 1 dN,,/dp,

Yield in pp  Ng,  (Ta do,/dp,

e Single muons at forward rapidity
e D mesons at mid rapidity

e Elliptic flow of D mesons
PbPb data samples:

Vs, =2.76 TeV — 2010 & 2011

Minimum bias + (centrality,
EMCal and muon triggers)
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Single muon R,,: 2.5<y<4
ALICE

e Subtraction of muons from light hadron decays, based on 1 and K
measurements at mid rapidity

e p,>4 GeV/c to limit systematics from bkg subtraction

vs transverse momentum vs centrality

S — — I I I I — — . 1. L L L B I BN I L
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arXiv:1205.6443  Strong suppression in central collisions

No significant p, dependence
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D mesons in PbPDb

ALICE
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Also D* — K111
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D meson R,, : |y|<0.5

D 2_III|III|III|III|III|III|II|||||||||__|||||||||||||||||||||||||||||||||||_
8 ,gf mD’ &+ ALICE -
S - :Df+ Centrality 0-20% + Centrality 40-80% .
c;.: 1-65— V1<0.5 EY Pb-Pb, {5, =276 TeV
o 1.4:— —:— -]
121 —+ ] -
1l----m —
0.8F =
06 H ] =
0.4 —
02 ﬁﬁ%[#:@: + -
:|||||||||||||||||||||||||||||||||||:_|||||||||||||||||||||||||||||||||||_
% "2 4 & @& 10 12 14 16 2 4 6 8 10 12 14 16
P, (GeV/c) P, (GeV/c)
e DO D*, D* compatible
e Strong suppression in central collisions arXiv:1203.2160
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D meson R,, : |y|<0.5

Centrality dependence

D1.2 IlllllllllIIIIIIIIIIIIIIIIIIIIIIIIII__IIIIIIIIIIII||I||I|I|||II|||II|||II||III
L —
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E. o B Dﬂ
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o
w
N
—
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o
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200 250 300 S?R] 0 50 100 150 200 250 300 350 400

part part

IIII|IIII|IIIIIII
00 50 100 150

2<p, <5GeVic 6<p, <12 GeVic
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Nuclear shadowing
% ALICE

D 2_I [ L [ L T | T T | L | T T | (L I_
840 ALICE - Current estimates of the
5 F 0-20% centrality - nuclear shadowing effects
c 1.60 PE-Pb.\Sy =276 TV onR,, atp,>6 GeV/cis
140 Average D7, D7, D7 Iy<05 limited to + 15%
- NLO(MNR) with EPS09 shad. -
1.2 —

1o I —— = Importance of the
0.8 E p-Pb run in 2012!
0.6F N Crucial to verify
0.4F H n E current expectations!

' C o t ]

0.2 EILI I *] i =
0:I [ | L1 1 | 1 1 1 | 1 1 1 | L1 1 | L | 1 | L1 1 | 1 1 1 | (| I:
0 2 4 6 g8 10 12 14 16 18
p, (GeVic) NLO: Nucl Phys B373 (1992) 295
arXiv-1203.2160 EPS09: JHEP 0904 (2009) 065
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g 2:I T T T 1 T T I T 1 | T | T | T T T T I_
g ALICE B
F 0-20% centrality -
1.6 Pb-Pb,\[s\ =2.76 TeV —
- 0 o s NEW
1.41 e Average D", D", D7, lyl<0.5
Hc,b — muons s of s ufrom HF, 2.5<y<4 (0-10%)
e = CMS non-prompt JA, lyl<2.4
D mesons (charm) - -
T -
arXiv:1201.5069 08 E
0.6 .
0.4 ? _
0.2~ — -

1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | 11 1
% 2 4 6 8 10 12 14 16 18
P, (GeV/c)

« Charm and beauty: no evidence of mass effects yet (dead cone, ....)
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R, compilation: and light mesons

é 2_' [ | T | FTd T | Tl | I 1T
T oF ALICE
T 0-20% centrality
1.6~ Pb-Pb,\/s\,, = 2.76 TeV
- 0 + T+ NEW
1.4~ e Average D",D", D7, |y|<0.5
e Charged hadrons o o Charged hadrons, |<0.8 3
g - <L =« CMS non-prompt J/y, |y|<2.4 -
* ldentified pions oa TR > m, In|<0.8 (Preliminary) e
e D mesons (charm) - -
0.8 -
° - -
arXiv:1201.5069 0.6 E
0.4 =
0.2 B
:I 1 1 | 1 11 | I 1 1 | 1 11 | 1 1 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 I%
Y 2 4 & 8 10 12 14 16 18

P, (GeV/c)

« Charm and beauty: no evidence of mass effects yet (dead cone, ....)
- Pions, charm and beauty R, ,: similar. Hint of a hierarchy? — Look !
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NEW
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£ S FPb-Pb\sy=2.76TeV\ L et
E 4.5 __C'antra"ty E 20%} = Rad + dissoc (Vitev) ]
~ Average D",D",D ", ly|<0.5 =
?Ié 4~ from arXiv:1203.2160v1 WHDG rad+coll (Horowitz)
- Charged plOl‘IS m|<0.8 AdS/CFT Drag (Horowitz) -
3.5 \ muemin CUJETY.O (Buzzatt) — —
n \ AN
3 :_ —~ N ZiL A
o INGRN A
Rel o A .
2F | E
1 -5 :_ “ ¢ —
e d
0.5 =
0 - L1 1 | L1 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1 | L 1 1 i L 1 1 5

0 2 4 6 8 10 12 14 16
(G eV/c)

ALICE

To compare charm mesons
and pions — ratio of R ,'s

With the current uncertainties:

e Hintof R>1
e Color charge effect?

Measurements are not yet
conclusive — in reach for
ALICE ! More precision !

S.Masciocchi@gsi.de

ALICE Heavy flavours, HP2012

26




Elliptic flow of D mesons

Invariant mass analysis (D°, D*)

e Two centrality classes considered: 30-50% and DP%SIfER.
15-30% (2011 data, 9.5 and 7.1 x 10° ev. respec.) - artarr

e Event plane determined with TPC tracks (n>0)

NNNNNNN

e Correction for B feed-down (FONLL)
T Nin—Noyr

“ o
% e0o = sofr  3.0<p<4.0 GeVic
- @ }+ t
-, 2 S 5 250
L o =0 =
f._" Y % Emo—
ol Wi 400 g
:: 8 "..' 250:_ F PLANE
Reaction-f I?-plan% 300 200f- D' Kt +
plane X . ok 7x10° events
200~ E Pb-Pb, sy, = 2.76 TeV
- 19 Centrality 15-30%
wol-  Sgnf(36) =9.0£0.9  wrene E Sgnf(3c) = 8.2+0.9
T T T T T TR N N I W N PN I T B
1.7 175 18 185 19 185 2 1.7 1.75 1. 1.85 19 1.95 2
Invariant mass (Kr) (GeV/c?) Invariant mass (Km) (GeV/c?)
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Elliptic flow of D: results

e D%v,in 30-50% centrality

(confirmed by Q-cumulants and scalar product methods)

a _I T T . T T T T T T T T T T | T T T | T | T T T | T T T |_
5 040 Pb-Pb  {Syy=2.76 TeV-
£ N Centrality 30-50% 7
9 0-3__PREHHINﬂRY y __
g ¢ ]
=" 0.2F H’H’ -
0.1 | —

o

- e D°-EP2A¢bins 1T :

0.1 [_] Syst. from data B
0.2:_ Syst. from B feed-down _:

:I 11 | 11 1 | 11 1 | 11 1 | 1 1 1 | 11 1 | 1 1 1 | 11 1 | 11 1 |:

0 2 4 6 8 10 12 14 16 18

P, (GeV/c)

e Indication for non zero D meson v, (30 in 2 <p, <6 GeV/c)
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e DPv,in 30-50% centrality e D*v,in 30-50% centrality

Comparable within uncertainties

a 0 4__ N a 0 4__ SN
50 € Pb-Pb  {Syy=2.76 TeV- 50 '[ Pb-Pb  {Sy=2.76 TV
C ALICE Centrality 30-50% ] C ALICE =1 Centrality 30-50% Z
9 0-3 __ PRELIMINARY y __ 9 0-3 __ PRELIMINARY y __
£ - . £ ¢ &4 .
> 0.2F - > 0.2F T 1 =
= ] C —— T - — H
0.1 L — 0.1 ? L —
oF : oF :
- e D°-EP2A¢bins Bk d ] - 1 ]
0.1~ [_] Syst. from data = 0.1 B
- | || . - e D° EP2 A¢ bins | || .
- Syst. from B feed-down — - + i —
'0-2__ y ] '0-2__ + D.EP2 Ao bins Empty box: syst. from data |
- | | | | | | | | | i - | | | | | Filled Irox: syst.l from B fle.led—dowln:
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
P, (GeV/c) P, (GeV/c)

e Indication for non zero D meson v, (30 in 2 <p, <6 GeV/c)
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e DPv,in 30-50% centrality e DPv,in 15-30% centrality

a : T T I\b - T T T T T T T T T T | T T T | T | T T T | T 1 1 | : a 0 4 :_| T |\’r; T T T T T T 1T T T T T | T T T | 1T | T T T | T T 1 | :
= 040 G2 Pb-Pb  {sy=2.76 TeV] E “4E G Pb-Pb  ys\=2.76 TeV
g 013 :_Pk‘gllil}gnE“ Cemra“ty 30-30% _: 9 013 :_PI@LEE&“E“ _:
2 r . g ¢ ]
=" 0.2F H’H’ - =" 0.2F- n ‘ ‘ 1 -
0.1 L — 0.1— -E: _ﬂ —

o o Rt :

- e D°-EP2A¢bins 1Tt ] - 5 ' .
0'1—_|:| Syst. from data = 0.1 g I

- ' 1] . - e D’ EP2A¢bins, 30-50% CC | [] .

02:_ SYSt- from B feed-down _: 0'2:_ . DO’ EP2 Aq) bins, 15-30% CC Empty box: syst. from data _:

- ] L | | | | | Filled Ifox: syst.l from B fle.led—dowln:

Eoooo oo v v b bov v b b b by o 1A N 1 1] 1 1| 11 11 | 111 111 111 111 =

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

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

e Indication for non zero D meson v, (30 in 2 <p, <6 GeV/c)
o Hint of centrality dependence: D° v, flow larger in less central collisions
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Elliptic flow of D: results o
ALICE

e D°v_in 30-50% centralit e D meson compared to charged
2
hadrons
a _I T 1T T T T 1T T T T T | T T | T T T | T T | 1T |_ >N :I T I“ T T T | T 1T | T 1T T T | T T T | T | T 1T | T |_
rol - Pb-Pb  \s\\=2.76 TeV_: e Pb-Pb  ysy\=2.76 TeV_:
£ C L ALICE Centrality 30-50%  J C L ALICE u Centrality 30-50%  J
S 0.3 = 0.3 I_ =
a C 7 n 7
o N ] N . "# ]
> 0.2 ﬁ$’ - 0.2 ‘ﬁ"’ i -
- 7 - 4 . ]
r ] B MK K ]
0.1: L . 0.1j 4 ¢ o ¢ -
of of :
- e D°-EP2A¢bins mEd : - 1 .
0.1 — 0.1 ]
: |:| Syst. from data il . - ¢ Charged hadrons, EP, An|>2.0 ||| .
02:— SySt- from B feed-down _: '0-2:_ ¢ Di’ EP2 Ad bi.ns Empty box: syst. from data _:
L | | | | | | | | |: - ¥ | D, EIID 2A0 Ibms | | Filled Irox: syst.l from Bfle.-ed—dowln:
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
P, (GeV/e) P, (GeV/c)

e Indication for non zero D meson v, (30 in 2 <p, <6 GeV/c)
o Hint of centrality dependence: D° v, flow larger in less central collisions
e Comparable with charged hadrons elliptic flow
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ALICE results and models

S.Masciocchi@gsi.de

{ 12 I I || T T T | 171 | L | T 1 | I T1 | 171 | I
<t B \ ' 0 R [+ 7

m N _ ;; Average D ; D ; D , |y|<0-5 ] 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 |:
\ 1 = 040 O Pb-Pb  {s=2.76 TeV]
1E*ALICE ____________________ | g 0 3: LALICE —+ Centrality 30-50% ]
o 0-20% centrality 1 8 F -
0.8 PD-PbAS=276TeV | Soof ol | =
- — . Langevin HTL2 i - + L _"'T_' \ - -
06 <ix1x Coll + LPM rad ] B T i v = 7
- BAMPS . O:' S .
- - - e D% EP2A¢bins 1 ]
0.4— |_| 7 -0.1— # D", EP2A¢bins —
L | |—| I_I _ E ------- Aichelin et al, Coll+LPM rad E
- + - -0.2=" Beraudo et al, Langevin HTL ]
02— - |_| | el Empty box: syst. fromdata —_]
L — _"' PR e e W - C | BAMP? | | | Filled Il::ox: syst.l from Bfle.-ed—dowln:
: SomoE . - - -.df OI | I2I | I4I | I6I | I8I | I10I | I12I 1 I14I | I16I | I18
QL1 oo v v by v b v b b baaa 1 p (GeV/C)

0 2 4 6 8 10 12 14 16

P, (GeV/c)
Challenge for the models:
describe bothR,, and v,
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Coming up

ALICE

v .
> ook 1<p<2 GeV/c 2 I 16<p <24 GeVl/c
=T Pb-Pb,vs,, =2.76 Tev| 2 '00F +
L = -
0 1000 Centrality: 0-7.5%| G o +
= L k]
DY — KT & 1.7< 10" events| =
wi 8001 £
: _ 60f-
Extension of sool DOy Ko - ;
- .. B
_ a0l
the pt range 400~ p =1.867+ 0.002 [ wu=1.876+0.009
- ¢ =0.011% 0.002 - & =0.048 £ 0.006 ¢
200F S (30)=753+ 126 HLI::F 20C 5 (35)=188+32
- SJB {Scs]l -0.06:+ 0.01 ngﬁ%ﬁ [ S/B(30)=027+0.05
07518 785 18 19 2 205 Pe 17 1e 1 T2 T ai a2
Invariant Mass (Kn) (GeV/c?) Invariant Mass (Kn) (GeV/c®)

2
™
2
=
g

E T I LI I L L L I LI L I IBI LI I LB N_,L_a I I I T I I
g Pb-pb"SNN =276 TeV, 17 x 10" events ?I: Mean = 1.962 + 0.003
3500 D — K'Kn* = 350 : _
2 = Mean = 1.973 + 0.002 2 Sigma = 0.008 = 0.002
2 Sigma = 0.006 + 0.001 S 300
& i
D K_I_I__I_I_ 250 B < P, (DE} < 8 GeVic
s . ) POSTER
i 2000t Gentrality 0 - 7.5 % +
in Pb-Pb wf 20T o <6 o G.M. Innocenti
1000 Significance (36) 3.7+ 1.0 woof. Significance (3c) 35+ 0.9
S (3c) 406 + 107 S (30) 115+ 33
B (30) 11603 + 26 B (30) 997+ 9
500 S/B (3c) 0.0350 50 S/B (3c) 0.1156
cIIIIIIIIIIIIIIIIIIIIIIIIIII oIIIIIIIIIIIIIIIIIIIIIIIIIII
1.9 1.95 2 2.05 2.1 1.9 1.95 2 2.05 2.1
Invariant mass KK=x (GeV/c?) Invariant mass KKz (GeVic®)
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Summary

ALICE

Rich collection of heavy flavour results from ALICE
New measurements, with improved precision:

pp: Hc,b—>e + X

Important low p, reach,
precision measurements

FONLLc, b — e, Jy] <0.5
FONLLc, b — e, [y <2 excl. 1.37 < |y < 1.52

1 2 3 4567810

Lol I |
20 30
P, (GeV/c)

PbPb: R, ,

No evidence for mass effects
yet, hint of color charge effects?

2: LI L L LI T ‘ LI ‘ LI ‘ LI LI ]
F 0-20% centrality ]
1.6 Pb-Pb,\[Syy = 2.76 TeV ]
1.4 e Average D°, D*, D", lyl<0.5 —
C 4w from HF, 2.5<y<4 (0-10%) ]
1'2:_ = CMS non-prompt Jiy, lyl<2.4
1EE|E|E} ................................................................. -
0.8 -
0.6 -
0.4 n .
C ! §
3.2_— — —

\II‘III‘III‘III‘III‘III‘II\‘II\III\
00 2 4 6 8 10 12 14 16 18

PbPb: vV,

Indication for non zero
D meson elliptic flow
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>N : \‘.‘ T T ‘ L | T T T ‘ L ‘ T 1T ‘ :
0.4c G Pb-Pb  \5=2.76 TeV
C ALICE Centrality 30-50% ]
0.3 3
0.2 =
y -

r MR -
0.1j N ﬁ : i
of ]
-0.1 -
r ¢ Charged hadrons, EP, |An|>2.0 b

[ 0 . |
0-2j * D+' EP24¢ b!ns Empty box: syst. from data ]
- ¥ | D, E||° 240 lblns | | Fileg box:syst, from B feecdown

0 2 4 6 8 10 12 14 16 18

P, (GeV/c)
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Something interesting

ALICE

e ALICE D mesons: |y|<0.5, 6 <p,<12GeV/c
o CMS J/y: ly|<2.4, 6.5 <p, <30 GeV/c
{1-2h""l""l’1"l""""I""I""""d
o Pb-Pb, |5, = 2.76 TeV i

m ALICED mesonR,, and stat. uncertainties, G<p <12 GeV/ic -

[ Uncorrelated syst. uncertainties
0.8 I Correlated syst. uncertainties

0.6

0.4

0.2

EE@ n

$ CMSJy RM and stat. uncertainties, 6.5<p <30 GeV/e

- [ ] CMS Jiy syst. uncertainties
D llllllllllllll I | ——| L ] 1 Ll 1 I 1 1 L 1 I 'l 1 Ll I L - L

0 50 100 150 200 250 300 35PN 4%)0
part

ITIITII]TIIIITIITIITT
-
0
-

Jlllllllllllllllll
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ALICE HF contributions to HP2012

ALICE

e Parallel talks

e Z.C.d. Valle, “D mesons suppression in Pb--Pb collisions at Vs, =2.76
TeV measured by ALICE” (l1A)

e G. Ortona, “Open-charm meson elliptic flow measurement in Pb-Pb
collisions at \/SNN = 2.76 TeV at the LHC with ALICE” (lIA)

e D. Stocco, “Measurement of heavy-flavour decay muon production at
forward rapidity in Pb-Pb collisions at \/SNN = 2.76 TeV with the ALICE
experiment” (I11A)

e C. Geuna, “Open Heavy-Flavour and J/yp production in proton-proton
collisions measured with the ALICE experiment at LHC” (ll1A)

e M. Kweon, “Measurement of the nuclear modification factor of electrons
from heavy-flavour decays in Pb-Pb collisions at Vs, = 2.76 TeV with

ALICE” (IVA)

S.Masciocchi@gsi.de ALICE Heavy flavours, HP2012 36




ALICE HF contributions to HP2012
ALICE

e Posters

e M. Heide, “Measurement of B meson production in pp collisions at Vs = 7 TeV
via displaced electrons in ALICE”

e M. Volkl, “Study of the nuclear modification factor of electrons from B meson
decays at mid-rapidity in Pb-Pb collisions at \/sNN = 2.76 TeV with ALICE”

o P. Pagano, “ Reconstruction of the charmed baryon A_in pp collisions at Vs =7
TeV with ALICE”

e D. Thomas, “Azimuthal angular correlations between heavy flavor decay
electrons and charged hadrons in pp collisions at 2.76 TeV in ALICE”

e S. Bjelogrlic, “Azimuthal angular correlations between D* mesons and charged
hadrons (kaons) in 7 TeV proton-proton collisions in ALICE”

e D. Caffarri, “Measurement of charm suppression and charm flow in Pb-Pb
collisions at \/SNN = 2.76 TeV via D°--> K1 reconstruction in ALICE”

e G.M. Innocenti, “D_ production in pp collisions at Vs = 7 TeV and prospects for
the Pb-Pb analysis with the ALICE detector”

= 5= 1L
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o Further improve precision and extend p, range

e Separation of beauty
e More about D_ and A_

e More on elliptic flow, also with electrons and muons
e p-Pbrunin 2012, to investigate cold nuclear matter effects

D 2 T T | T T T | T T T T T T T T T T T T T 1 T T I_
8 ,gf mp° =
£ ) AD* . -
o B e Centrality 0-20% .
a 16 i —
< C ly]<0.5 E
o 14 —]
1.2 —
L AR =
08 —
0.6 —
J@fﬁ%@:@ E
02 —
| | | I | | | I | | 1 | | 11 1 | 11 1 | I 1 1 | L1 I:

2 4 6 8

III|
10 12 14 16
pt(GeWc)

O 2_IIIIIIIIIIIIIII
Q18-

S

i R

I I L I
ALICE

0-20% centrality .

Pb-Pb\[s,,=2.76 TeV |

Average D° D*, D™, ly|<0.5 E

F NLO(MNR) with EPS09 shad.

2 4

I1DI | I12\ | I14I | I16I | I1_8
P, (GeV/c)

6 8
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Expected: reference?

PbPb i i
wet | RHIC LHC

In 1 Pb-Pb collision
at \'s ,=2.76 TeV:
= 56-60_cE
=~2bb

T B .
Ctot |

1b 1 kHz

H = H
e et e A
TULE : 1 HZ
. H
i : L
— ] =l
L i T
- H : P
. : . H -
. H H Fhd U
[ o U PSPPI S A Ton NP TR 0 NS
¥
-
- a v

Cross section

1 mHz

Event rate at L=10*"cm2s"

. (MNR, shadowing: EKS98,
| EPSO08. Factor 2 uncertainty)

references?

IIHII|I||| | IHHII| | HIIIH‘ ] HHHIl | I\HL|1| | HIHII| | HIIIII‘ ] IIHIHl IIIHIHl | \IIIHI‘ L1l

3
o
IIHII|TI I IHHIII I HIIIH! | HHHII l I\HHTI I HIHIII I HIIIII! | IIHIHI IIIHIHI l \IIIHI‘ I

10°
Energy (GeV)

10°

Y
o
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HF pair production rates

» ~ factor 2 uncertainty from NLO and shadowing (Pb-Pb)

system : Pb-Pb (0-2%) Pb-Pb (0-5%) pp (8] ]
VSyn 5.5 TeV 2.76 TeV 14 TeV 7TeV
o2 [mb]| 347014 2.110.075 1127105 6.9 /0.23
N2 90 /3.7 56 / 2 0.16 / 0.007 0.10/ 0.003
Comdowing | 0581077 0.60/0.85 - —

MNR code: Mangano, Nason, Ridolfi, NPB373 (1992) 295. EK598, EPS08: Eskola et al., EPJCO (1999) 61; JHEPOT (2008) 102

S.Masciocchi@gsi.de

ALICE Heavy flavours, HP2012

41



Mid rapidity: particle identification
e —————— ALICE

3 160 | e |

= L = . b 4 -
Time S 140 |- ALICE =

[ [ — Performance ]
PrOJectlon O 120 £ 20110518 _J
Chamber 100 & 3

80
60 =
40 . . E
1 10
p (GeV/c)
TOF PID
—~ 700 o
s | e Inner Tracking 2
& 600 ) =
I o’ System i
: 500 :— ALICE Performance =
E E 9/5/2011 4_ 0-7:_
400 ITS stand-alone tracks 10° s
E - pp @Vs =7 TeV (2010 data) 06
300 ' -
-\ 102 0.5 :—
200 \ o 04
100]. 10 Time of Fllght n.3§ ALCE R
- u 21/05/2010
0. PR RTINS B el by

-4 -3 3 4 5

107 ! p (GeVic) ALICE Heavy flavours, HP2012 piz (Gevic)
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Charmed baryon: A_

POSTER
P. Pagano

and Pb-Pb

e Several channels:
A —pKmr

with resonant decays

A— pKnt
P, (A >3 GeVic

[ ]
[+7]
[=]
[=]

Entries / 10 MeV/c?

Significance (3c) 6.6 £ 1.1
S (30) 1482 + 238

S/B (30) 0.0304
Mean = 2.289 + 0.002

Sigma = 0.010 + 0.001
Lo o by by |

pp Vs = 7 TeV, 3.x10° events

ALICE

PERFORMAKNCE

15/05/2012

2.28I I 2.3I I2.32
Invariant Mass

I
2.22 2.24 2.26

2.34 2.36

oK (GeV/c?

1000 Entrie / & MeW/c™

1000 Entries / 5 MeV/c®

70

_pﬂ; = 250GV c

Baryon / meson ratio in the charm sector
Production cross section: new in pp

Vertexing (ct = 60 ym!) and particle identif.

Ac_)KOSp

PP & = TTaV, 2.22 x 10° qwents

4 = (23872 + 0.0006) GaV ¥
= (T.085 + 002 Ma) 2

F S(3m) = 10084 4 1147

B[37) = 1912 904 + 2542
Significanca(3e) = 7.70 £ 052
1 1

2

3]
(%))
o
[=]
o

T T T T
[ 0, 1
: p,>1.5GeVic A, — Ksp:
24000 |- ]
E pp Vs = 7 TeV, 2.75 x 10° events]
£ 23000 f -

Entries / 5 MeV/c

22000 |

Mean = 2.285 + 0.001

21000 |- sigma = 0.011+ 0.001

! .20+ 0.
20000 __Slgnlflcance(ac)szn 0.12

ALICE

PERFORMANCE

18/05/2012
IR R Lol | P

22 222 224 226 228 23 232 234 236 238
Invariant Mass Kgp (GeV/c?)

S (30) 4470 + 66

19000 |- S/B (30) 0.0153

f = [2.2891 + 0.0024) G/

o = [4.88 + 2.38) May' /'

5{3c] = 053 + 123

B[] = 53910 + 110

Sigrificancs] 3] = 287 +0.80
1

3 = (2.3855 + 0.00LE] GaW o

== 7 Ma)c?

5[3a) = 2025 + BTD

Bl3r) = BEdeE3 £ 805

Significanca(3o) — 443 £ 052
1 1

At = R (BO2)

E

§ = [2.287 + 0.0018) GaV,/c?

= T MW

53] = 2540 + 479

B[3] — 330307 + 375

Sigrificancs(a) = 4.38 +0.82
1

2

2.1 22 2?3
miAL) (GaWic®)

1
21 2.2 23
miAL ) (=)
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PbPb collisions

The nuclear modification factor

Yield in AA 1 1 dN,a/dp,

R — =
AA Yield in pp ol (Tan) dog,/dp,

Collision centrality measured with VZERO scintillator hodoscope

PRL 106, 032301 (2011)

Centrality: percentile
of total hadronic
cross section

0

- E

5 - + Dat
ata

k4 [

w

— Glauber fit

10ET [

3
1
[ 5060%

1075
VZERO Amplitude (a.u.)

peripheral @D @ central

ALICE Heavy flavours, HP2012
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Something interesting

ALICE

e ALICE D mesons: |y|<0.5, e ALICE D mesons: |y|<0.5,
2<p.<5GeV/c 6 <p,<12 GeV/c

e ALICE J/y: 2.5<y<4 (%), e CMS J/y: |y|<2.4, To be discussed
p> 0 GeVic (7) p> 6.5 GeV/c

J I ¥ LI | LI LI | LI J T J LI LI LI | I LN T LI B | L] 1 _2 T LI B | I LI LI | I LI B 1 | ¥ LI B LI B | [ LI T L LI | T LI |
Pb-Pb, |5, = 2.76 TeV - Pb-Pb,\s,, =2.76 TeV i

Raa

m ALICED mesonR,, and stat. uncertainties, G<p <12 GeVic -
[ Uncorrelated syst. uncertainlies
I Correlated syst. uncertainties

] ALICE D meson R,, and stat. uncertainties, 2«:pl-:5- GaVic
: Uncorrelated syst. uncertainties

0.8
- Correlated syst. uncertainties

olllllllllllllllll]tll]l

0.6 * $ |
4 i| : i E ¥ E
— ® ALICE J/y -4.0<y<-25 (inclusive, p, > 0) : :
0'2__ E Uncorrelated syst. uncertainties 0.2— @ —
— - Correlated syst. uncertainties B CMS Jiy RAA and siat. unceriainties, 6.5<p,<30 GeVic n
i v ovovoo v v by v v v b v b ooy v by oy by sy - D CMS J-"lp Syﬂt uncertainties -

00 50 100 150 200 250 300 350 400 ol pe e b b e by sy

( NPart ) 0 50 100 150 200 250 300 BSPN 490
part

(*) careful, different !!
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R, compilation: more hadrons
ALICE

e Charged hadrons e Average D mesons (charm)

e |dentified pions e CMS: B — J/y (beauty) arxiv:1201.5069
<L 2_ T 11 L T 11 L T 11 T 11 | T 11 | T 11 L é 1-2 TTTT TTTT TTTT TTTT | TTTT | T TTT | T TTT | T TTT
g: | 1 —

o 1 8b ALICE B o B ALICE 4
r 0-20% centrality ] L PEPD. 59 =276 TV
1.6 Pb-Pb,\/s\, =2.76 TeV - .
- ] 0 At '+ 1
1.4 e Average D° D', D™, |y|<0.5 — 0 B_— : Average D, D", D ,B-c:ptﬂEGew::__
B o Charged hadrons, [n|<0.8 d L Charged hadrons, 6<p <12 GeVic i
1.2 = CMS non-prompt J/y, |y|<2.4 © CMS non-prompt Jiy, p>6.5 GeVic_
LM + T, n|<0.8 (Preliminary) N "B (periph. point shown at (N, ., weightsd by N__))
L L E 061 + —
0.6 = 0.4 - $ % .
N _ ] - o H .
0.4 = - -
B #} [ : 0.2~ : [] H ]
0.2 E' - i ¢ e
- | | | | | | | | :| | commaon nomalization uncertainty: 7% (peripheral) to 4% (cemtral)
- S S = : I — S S 1111 | 1111 | 1 111 | 1111 | 1111 1 111 | 1111 | 1111
% 2 4 & & 10 12 14 16 18 O 50 100 150 200 250 300 350 400
P, (GeV/c) N

- Charged, pions, charm and beauty R,,: similar. Hint of a hierarchy?
« Color charge dependence? Dead cone effect?
* Further improve the precision of the results and add p-Pb data !
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RAA and models

512 r'!|||r||r1||1||r1||1||r1|r'|||r||
& 1

0.4

0.6

0.4

0.2

—
1||1|r1|r1|[||r||1¢|
il I_

KLl | T

[

[

[

[

[

Average DD, D" y|=0.5

0-20% canfrality
Pb-Pbys,,, =276 TaV

- '
-ul--"‘“f:ln
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RAA and models

ALICE
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PbPb: Inclusive and cocktail - 0-10%
ALICE

Inclusive — cocktail = electrons from heavy flavour decays
... Only??
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pp, PbPb peripheral and PbPb central

At low p_: hint for an excess
Increases towards more central collisions

Consistent with thermal radiation?
Thermal photons observed at RHIC
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Electron R, ,: central vs peripheral

inclusive-cocktail
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ALICE

Non-central collisions:

2 I|nitial spatial anisotropy

2> Asymmetric pressure gradient d
_ Reaction:

2> Momentum anisotropy plane

Elliptic flow v, provides a measure

of the strength of collective phenomena

Elliptic flow of charm particles is sensitive to
— thermalization of the medium (low p)

— path length dependence of energy loss (high p,)

R,, and v, are both sensitive to medium transport properties

I=5= 1l
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Elliptic flow of D: results o

ALICE

e DCv, in 30-50% centrality e D meson compared to models
¢ BAMPS arXiv: 1112.1559
e Aichelin et al. Phys.Rev. C78 (2008) 014904
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e Non zero D meson v, for2 <p <12 GeV/c
o Hint of centrality dependence: D° v, flow larger in less central collisions

e Compatible with charged hadrons elliptic flow

o Comparison to models — R,

I=5= 1l
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