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Scope

< Why heavy-flavour?
< ALICE detector and features
< Results:
» proton-proton (pp) collisions @ \s=2.76 & 7 TeV

» Pb-Pb collisions @ \/SNN =2.76 TeV

R/
*

» Conclusions
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o Why Heavy Flavour ? ALICE

% Heavy quarks are produced at the beginning of the collisions with high Q2.

*  pp: pQCD calculations for heavy quark production “ Hotapiiense

. . I;'Illy
*  p-A: cold nuclear matter effect (shadowing & gluon saturation). . - o € tpwlﬁ--;.t-,;’,
*  Pb-Pb: interaction with hot, dense QCD medium. Ea | e && "”g’\’" “a,

binary collision

*

L)

L)

* Nuclear modification factor,
1 d’N,,/dpdzn

R , =
AA(pt 77) (NCO||> dszp/dpth é RAATC< RAAD< RAAB

=1 if no medium / initial state effects.

2
Energy loss depends on /
.. (AE) Crdl? |'\.A"_/ | |

- colour charge (Casimir factor) X asCRrq 47//
- parton mass (“dead cone” effect) AE,>AE, ; > AE > AE, N [

- medium density & size energy loss in
the medium

s Azimuthal anisotropic flow

ﬂ:&(

1+ 20, cos(p —¥, )+ 2v, cos[2(p—#, )|+ ...)
dop 27

direct flow, elliptic flow,

- Sensitive to parton-QCD matter interaction & thermalization = measurements of transport
properties of the medium

—> Clean penetrating probes for QCD medium
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RHIC:

HF production ...

ALICE

eLarge energy loss of HF in the medium

* Substantial elliptic flow, v,

*Charm (c ) & beauty (b) cross sections are larger by

factor 10 (50) at Vs, = 2.76 TeV

«~60 cc expected in central Pb-Pb collisions.

—> Large HF production cross sections

10

ALICE is well suited to measure HF decays in a wide

momentum range ...
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: B-field: 0.5 T
The ALICE detector p; resolution: 1% @ low p; - 10% @ 50 GeV/c *

Impact parameter resolution : ~ 65 um @ 1 GeV/c
ALICE

Tracking
Chambers

WY Dipole
o L " Magnet

S

D meson

lyl <0.5

ITS: Vertexing
TPC: Tracking , PID
TOF: PID
PID : up to p; ~2 GeV/c

HMPID

L3 Magnet ] ' 9
b/c > e + X, Muon Arm: -4.0<n <-2.5
In| <0.8 10 tracking chambers
ITS: Vertexing 4 trigger chambers,
TPC: Tracking + PID Absorber,
TRD: PID 3 Tm dipole magnet
TOF: PID Resolution (Ap/p) : 1% @ 20 GeV/c,
EMCal: PID + Trigger 4% @ 100 GeV/c S
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HF production in pp collisions

s Test pQCD calculations

«*Reference for Pb-Pb
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hadron decay = HFE

10

- PID: dE/dx (TPC) + TOF + TRD, (TPC) + EMCal BE W

pp,\s=7TeV 7

3
Background sources 10

Photon conversions
largest
Dalitz decay of neutral mesons

Dielectron decays of light vector mesons

10°

10

TPC dE/dx - <TPC dE/dX>,, (Grpp i)
Sdoc'»Aviyoﬂr\)Acuoo

Quarkonia decays

Direct photons, Drell-Yan processes.
Dominant @

hlgh Py c2e+X BR:9.6 %

b=>e +X BR:11%

* Background subtraction:
b->c 2e+X BR:10%

In pp : Cocktail = MC hadron-decay generator

In Pb-Pb: invariant mass method — removes ©°, Dalitz, photon
conversions

* The dN/dp; of HFE is obtained by subtracting background from
inclusive electron spectrum & then normalized to o(MB).
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i HFE production in pp collisions @ 2.76 and 7 TeV ALICE
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ALICE data are compared with
* Fixed-Order-Next-to-Leading-Log (FONLL) pQCD calculations. Data are well described by
the calculations

*Complimentary to ATLAS data @ high p-.
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Beauty electrons in |y|< 0.5 in pp collisions @ 7 TeV ALICE

.8

T

3.5% normalization uncertainty
M PR TR SRR R |

pp,\s =7 TeV,_[Ldt =22nb"

e b(mc)—e
vc—oe

— FONLLc = e

|
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ottt b b b b b b bens b L Dbl 4

e

*Differential cross sections of HF e*from decays of b
& c hadrons in 0.5 < p; < 8 GeV/c

et selection via p; dependent impact parameter

d, cut to enhance S/B

PYTHIA, /5 = 7 TeV, vl = 0.8 « b{sclse
1<p_«6 Gal/ic gty T8
T comersion elec.
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*Charm extraction: c 2 et =HF 2 e*-b 2 et
*Beauty takes over from charm @ p; > 4 GeV/c.
*FONLL describes both b 2 efand c 2 et

differential cross sections also @ low p.
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Pt |t s Prompt D meson hadronic decay reconstruction ALICE

0
D Teconstructed momentum

¢ Search for secondary vertices displaced by few
hundred pum from primary vertex

secondary vertex

+* Selection:

L woof2<p<3Gevic 4

. . [ L t J

- p; & impact parameter of single tracks, = D’ Kt ]

. T 800 ¢+ and charge conj.  —

- PID (m, K) with TPC+TOF g | 1

- Pointing angle TR

[ Pb-Pb, s, = 2.76 TeV \

- Decay length ‘0 Centrality: 0-20% ]

200k W =1.863+ 0.003 GeV/c? ]

. . . . . i 6 =0.017+ 0.003 GeV/c® 1
+* Signal extraction from fits to invariant mass [ S(o)=58+84

distribution in Pb-Pb S e e

invariant Mass (Kr) (GeV/c?)

** Nnormalized to o(MB).
D% = Krt, BR: 3.89%
D™ = DY(=>Km)r* BR:67.7%
D* 2> Kmtn* BR:9.22%

D.* > K*K-m* BR: 5.5%
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PLEAN

Prompt charm production at central rapidity in pp

collisions @ 7 TeV
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*Inclusive p; distributions for prompt
- D measured in 1 < p; < 16 GeV/c,
- D* & D™* measured in 1 < p; < 24 GeV/c

- D,* measured in 2 < p; < 12 GeV/c
*Data are well described by the pQCD calculations
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Track selection

Muon in the spectrometer acceptance

HF decay muon measurement @ forward rapidity,

2.5<y<4.0

Matched with a tracklet in the trigger system to reject

punch-through hadrons

pxDCA to reject tracks from beam-gas interaction & fake

tracks in PbPb

Background subtraction:

7, K decay p estimated using event
generators (PYTHIA, PHOJET)

Normalized to data at low p;.

Acc x Eff correction

Detector simulation (MC) based on
parameterization of p; & y differential

cross sections of B quark from MNR

Normalization to o(MB)

it

Secondary u

-l

s,

ALICE

—~.200
Ns=276TeV >
S50 pp, Vs 6Te 10
8 160 & w/ phys. sel. B ]
w/ reco vertex 10"
140 | 3
-4<n<-2.5 |3
120 ﬂ , ALICE
170 <8, <177

100" w/trigger matching

x W

PERFORMANCE ;_- 10°
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ik i iz % t
0 100 200 300 400 500 600 700 800 !

p (GeV/c)
%) F .
> et PP /s=7 TeV, PYTHIA Perugia-0
3 VE * al
n L8 B e beauty
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do F/d p, (nb/GeVic)

data/FONLL
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D\ ALICE pp V5=7 TeV, p*«HF in 2.5<y<4
\

Li=16.5 nb™ =ga
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HF muons @ forward rapidity
2.5<y<4.0in pp collisions at 2.76 TeV & 7 TeV.

ALICE
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-
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data/FONLL

E_\ALICE PP 15=2.76 TeV, pt«HF in 2.

N\ F—— data
N [] w*<HF, FONLL

-~ Ly=19nb”

— — - p*«—charm, FONLL
utebeauty, FONLL

S<y<4

vl vl vl vl 3l

*Data are well described by FONLL pQCD calculations within errors

e Similar conclusions at Vs = 2.76 and 7 TeV.
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HF production in Pb-Pb collisions @ 2.76 TeV

“*Nuclear Modification Factor, R,,

“*Elliptic flow, v,
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Nuclear modification factor, R,,, in Pb-Pb collisions

R/

** Nuclear Modification factor is defined as follows

1 .dNPbe/de

R, =
<T,, > do, /dp,

where,

<T,,>: Nuclear overlap function average over impact parameter
dNpp,/dps: Measured p; spectrum in Pb-Pb.

dcpp/de: Reference p; spectrum in pp at the same \'s as Pb-Pb.

R/

¢ For the D mesons and HFE the reference p; differential cross section in pp collision is
measured @ s = 7 TeV and scaled to 2.76 TeV using FONLL calculations.
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AA

Heavy flavour decay electrons R
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R, for HF electrons in Pb-Pb collisions @2.76 TeV

ALICE
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r ] < [
E Pb-Pb, \s,,, =2.76 TeV, 0-10% E o 18l Pb-Pb, \s,, = 2.76 TeV, 0-10% 1
e pp ref (scaled cross section at 7 TeV) ) g I e pp ref (scaled cross section at 7 TeV) ]
% pp ref (FONLL calculation at 2.76 TeV) ] S16f  * ppref(FONLL calculation at 276 TeV)
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*Suppression of HF decay electrons over a wide p; range.

*R,, comparable @ ~3 < p; < ~9 GeV/c for RHIC and LHC, taking into account that

charm & beauty fractions in this p; range are different @ RHIC and LHC.
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@ 2.76 TeV
&c1-27;1f";”'W”I“'["Tolfl‘h;”l”w'f (12_||||
o \ E Average D, D", D7, |y|<0.5 ] e Pb-Pb, {50 = 2.76 TeV
1 E" ----------------------------------------------------------------- - i e ———
\,f: ALICE ' m ALICE D meson R, , [6<p <12 GeVic, Iyi<05
[ \ 2 0-20% centrality i [] Uncorrelated syst uncertainties
0.3_:, jh Pb-Pb,\ s, =2.76 TeV - 08 ?:é':';‘f;giz“"wmms _
O TR WHDG rad + coll ]
L./ v Y —  Langevin HTL2 i
L N <=+ Coll + LPM rad - —
08 L - BAMPS | 0.6 + H H
i . ---Rappetal R i r E
0.4 %ﬁ[ ..... Rt o | 04
0.2; % .E- - ._E —_ N - ] 0_2_— Fead from GMS-PAS-HIN-12-014 E —
i e St g A e mimin y ¢ CMS Preliminary Non-prompt Jiy R,
L ‘ ‘ | ‘ | ‘ | L I [ CMS Preliminary Non- plmnpl.]hpsysi uncertainties
Oo\ 2 4 I8| \10\ 12 I16I %IIII‘[-')I{)III‘iﬁdlliS{i"éﬂd"ésd"éndlIé5{]'":100

part

R, of D mesons at central rapidity |y| < 0.5 for centrality class 0-20% in Pb-Pb collisions.
Suppression by a factor 3 - 4 for p; > 5 GeV/c in the most 20 % central collisions

Reduced suppression for peripheral collisions.

Data are reasonably described by some of the energy loss models = Strong in-medium
energy loss for charm quarks.

Comparison with the non-prompt J/\y from B decay measured by CMS @ 6.5< p; <30
GeV/c in |y| < 1.2 indicate a different suppression for charm and beauty = not

conclusive since rapidity intervals are different & decay kinematics prevent a quantitative
comparison.



National Research | Laboratory for Accelerator

RF

Foundation | Based Sciences

0.6

0.4-

0.2

ALICE PO-Pb |,,=2.76 TeV, ¢ HF in 25cy<4 -
j (T TTE PP Centrality 0-10% ]

,,,,,
-

-l CIOLY NLO (MNR) with EPS09 shad.:

1 = \fitev rad. + dissoc. 1
=== BAMPS
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L
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R, of HF muons in Pb-Pb collisions at 2.76 TeV

ALICE

2 A N B I P L S P B
ALICE Pb-Pb | 5,,=2.76 TeV, u*« HF in 2.5<y<4 |
6<pt<10 GeVic

““[" Filled: Correlated systematic uncertainties
| Open: Uncorrelated systematic uncertainties

1 1 1 1

50 100 150 200 2é0

*Stronger suppression in central collisions than in peripheral collisions.

*In the explored p; range, the suppression is not dependent on p;.

*In agreement with in-medium energy-loss models (BDMPS-ASW) & (Vitev).

* Small contribution of shadowing is expected for muons with p; >4 GeV/c.

To be confirmed with 2013 p-Pb data.

350 400
N_ )
part
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Nt e Ly sl Average D meson in 0-7.5%, HF muon ALICE
and electron R,, in the 0-10% centrality class in Pb-Pb
collisions
i 2:III\|\III‘III\|II\I|I\I\\I\II\II\III
oC1g- Pb-Pb, \s,, =2.76 TeV
1 6:_ ¢ Average D°, D*, D™ 0-7.5%, |y|<0.5 S

# Heavy flavor decay e* 0-10%, |n|<0.6
4 Heavy flavor decay u* 0-10%, 2.5<y<4.0
Empty boxes: syst. uncertainties

Filled markers : pp rescaled reference

Open markers: pp pT-extrapolated or FONLL reference

A,

:III\l\III‘III\lII\IlI\I\l\l\lll\ll‘\III_
OO 5 10 15 20 25 30 35 40
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T
| — ——
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*R,, is compatible for D mesons, HF electrons & muons in p; < 8 GeV/c, when taking into
account decay kinematics (electrons & muons carry only a fraction of the p; of the mother

particle).
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*Non- isotropic emission w. r. t. the reaction plane can be a sign of path-length dependence of
energy loss (high-p;) and/or thermalization / collective motion (low p;)

ﬁz&(]ﬂ- 2v, cos(p—¥,)+2v, cos[2(p— %, )|+ )

do 27
where
N — number of particles
emitted in the collision
¢ - azimuthal angle
y- reaction plane angle
v, — direct flow
v, - elliptic flow
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Fomiton | 4o Elliptic flow in Pb-Pb collisions @ 2.76 TeV ALICE
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ALICE has measured D mesons, electrons and muons from HF decays in pp and Pb-Pb

L)

collisions @ Vs = 7 TeV and 2.76 TeV, respectively.

In pp collisions: D mesons, HF electrons and muons are well reproduced by pQCD
models.

In Pb-Pb collisions:

- Strong suppression for HF electrons, muons and D mesons in central Pb-Pb collisions
relative to pp (Raa)-

- Charm mesons (D°, D* and D™) show a consistent (similar) trend.
- Indications of non-zero v, for D mesons (2 - 6 GeV/c) and HF electrons
(2 = 3 GeV/c) in semi-peripheral Pb-Pb collisions.

- Model predictions describe both the R,, and v, for the D mesons and HF electrons
reasonably well.

In p-Pb:

- Will provide an important constraint of initial state effects of heavy quark
production at LHC energies.

- Runs will take place in early 2013.
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Thank you
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wmitess ieyoiiea Production cross section for D meson calculated as ALICE

d GD+ _ 1 1 fprompt( pT ) N " ( pT ) YI<Y g
dp, | .. 24y4p, (Accxe), (p,)-BR-L,

where

NP*raw(p_) = measured inclusive raw yield obtained from invariant mass analysis in each p; interval (of
width Apy).

forompt 2 Prompt fraction of the raw yield

(Acc x &) —> acceptance x efficiency of prompt mesons, where

prompt
€ = accounts for vertex reco, track reco & selection & for D meson candidate selection with 2" vertex
and PID cuts

Ay (= 2yg4) = width of the fiducial rapidity coverage,

BR - decay branching ratio

% —> accounts for the fact that measured yield include particle / antiparticle while ¢ are given for
particles only

Line = Nypme / Oppme 2 integrated luminosity, where N, ;s and 6, s are the number and cross section

pp,M pp,M pp,M

of the pp interaction passing the MB trigger condition.
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Y -4 7%

X

The elliptic flow is defined as: dN
dp-

=N [1+ Zivnch
n=1

Background subtraction, e.g. for HF electrons

incl back
\HFE _(1+ RSB )V.ch _Vzac Vback_ R Vi
2 = R 2 —Z i V2
SB i
where
V. :v, ofinclusivelectrons R :signat-to—backgroundratio
v2**:v, ofbackgrounalectrons v, :electronw, ofsourcei

HFE .

v, :v, ofHFelectrons R, :contributonofsourcei



