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Motivation

- Heavy quarks, charm and bottom, are pro-
duced in early stages of heavy-ion collisions.
- Propagating through the created matter
they serve as a probe of the dynamics of the
strongly-interacting, hot and dense plasma
of quarks and gluons (QGP).

- Non-central collisions generate space anisotropy in the par-
ticle distribution in the early stages of the collision.
- If there is collective motion or energy loss in asymmetric
medium, momentum anisotropy can be observed in the par-
ticle azimuthal distribution.

ALICE detector

Electron identification:
- ITS
- TOF
- TRD

- TPC
- EMCal

Event plane determination:
- TPC - VZERO

Event selection:
- Semi-central trigger
7.3⇥106 events in 20-40%
central collisions
- Single-shower trigger
1.3⇥106 events in 20-40%
central collisions

Results

- Inclusive electron v2 was obtained as a function of the transverse momentum.
- The non-heavy flavour electron background was estimated with the so called
cocktail method[1, 2].
- The azimuthal anisotropy parameter of electrons from heavy-flavour decays
is given by:

v
heavy-flavour decay electron
2 =

(1 +R)vinclusive electron
2 � v

electron background
2

R

where R = inclusive electrons
electron background � 1.

- Final result is a combined measurement from TOF-TPC
and TPC-EMCal[1, 2].
- Result was compared to the results from the PHENIX
experiment[3] and theoretical prediction[4� 6].

Azimuthal anisotropy

- Inclusive electrons were counted in pT and �' = '� V 0A
EP ranges.

- The parametrization dN/d�' = k[1 + 2v2 cos(2�')] was used to obtain
the v2 parameter in each pT range.
- The event plane resolution was obtained by correlating event planes
reconstructed with the TPC, VZEROA and VZEROC detectors[7].
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Electron identification

Electron identification:
TPC: �1< dE/dx�hdE/dxi

e

�

dE/dx

<3

EMCal: hE/pi<E/p<hE/pi+ 3�E/p

- The Exponential + Gaussian
parametrization was used to ob-
tain the hE/pi and �E/p values.

Hadron identification:
TPC: �3.5< dE/dx�hdE/dxi

e

�

dE/dx

<�3.1

- Hadron contamination was removed
from the signal in the E/p distribution.

Conclusions

- Non-zero v2 of electrons from heavy-flavour decays was observed in 20-
40% Pb-Pb collisions at

p
sNN = 2.76 TeV.

- v2 > 0 up to pT ⇡ 5 GeV/c indicates strong interaction of charm and
bottom quarks in the created hot and dense partonic medium.
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-  Electron identification: 
•  TPC •  EMCal 

-  Event Plane reconstruction 
•  TPC 

	  
•  VZERO 

•  Heavy-quarks are produced in the early stages of heavy-ion collisions, 
carrying information on the full evolution of the hot and dense plasma of 
quarks and gluons (QGP) created in such collisions. 

 
•  Because of their large masses ,they are expected to lose less energy than 

light quarks and gluons. They thus provide a unique test of parton energy 
loss models. 

 
•   At low pT , the elliptic flow of the heavy-flavour decay electron is sensitive 

to the degree of thermalization of charm and beauty. At higher pT , the 
measurement of v2 carries information on the path length dependence of in-
medium parton energy loss.  

•  A	  good	  agreement	  is	  observed	  among	  the	  different	  analysis	  methods	  and	  electron	  PID	  selec5ons	  used	  to	  evaluate	  the	  ellip5c	  flow	  of	  electron	  from	  
	  	  	  	  	  	  	  	  	  	  heavy-‐flavour	  hadron	  decays.	  
•  The	  invariant	  mass	  method	  provide	  comparable	  results	  with	  respect	  to	  the	  cocktail	  simula5on	  within	  the	  systema5c	  error	  bars.	  	  
•  Non-‐zero	  v2	  of	  electrons	  from	  heavy-‐flavour	  decay	  hadrons	  was	  observed	  in	  20-‐	  40%	  Pb-‐Pb	  collisions	  at	  √sNN	  =	  2.76	  TeV.	  	  
•  v2	  >	  0	  at	  low pT  (3σ effect has been observed) indicates strong	  re-‐interac5on	  of	  heavy	  quarks	  in	  the	  created	  hot	  and	  dense	  partonic	  medium.	  	  

•  Different approaches to evaluate v2: 
      -  Event plane (estimator of the symmetry plane) method. 
      -  Multiparticle correlation methods Q-Cumulants and Scalar Product. 
•  Agreement among the different methods and different PID procedures is observed. 
	  

•  v2 > 0  à 3σ effect at low pT
 

•  Different methods to extract v2 produce comparable results with in the error bars 
•  Results were compared to the one measured at lower energy by PHENIX at RHIC  
     (√sNN = 200 GeV )  and with theoretical models. 

Different PID procedures were used 
to select the inclusive electron. 
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Elliptic Flow v2

Initial anisotropy in coordinate space → Final anisotropy in momentum space 

Harmonic vn in the fourier decomposition 

quantify anisotropic flow:

A. Dubla Utrecht University 

Different approach to obtain vn

● Symmetry plane reconstruction.
● Multi particle correlations (SP. Q-Cumulants)

The elliptic flow is the second Fourier 
coefficient of the azimuthal distribution of 
particle momenta in the transverse plane 
with respect to the symmetry plane.  

Background: non heavy-flavour decay electron 
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Abstract

Heavy-quarks, i.e. charm and beauty, are mainly produced in hard scattering processes in the

early stages of high energy nucleus- nucleus collisions, carrying informations on the full evolution

of the medium. Therefore, they are suited to investigate the deconfined medium formed in such

collisions, the Quark-Gluon-Plasma (QGP). One of the experimental observables that is sensitive

to the interactions of heavy quarks with the medium and their degree of thermalization is the

azimuthal distribution of particles in the plane perpendicular to the beam direction.

In this contribution we will present the elliptic flow v2 of electrons from the semi-leptonic

decays of heavy-flavour hadrons at mid- rapidity with the ALICE detector for semi-central (20-

40% centrality) Pb-Pb collisions at ps
NN

= 2.76 TeV. At low transverse momentum, the heavy-

flavour v2 allows to probe the degree of thermalization of heavy quarks in the deconfined medium.

At high transverse momentum it carries information on the dependence of energy loss on the

in-medium path length of the heavy quarks. Comparisons with previous measurements obtained

at lower collision energy at RHIC and with theoretical models will be presented as well.

1 +R
SB

=
N Inclusive e

±

NBackground e

± (1)

1

-  Centrality:   
•  VZERO Multiplicity 
•  20-40% central Pb-Pb 

Ø  TPC	  +	  TOF	  
w	  	  1.5	  <	  pT	  <	  6	  GeV/c	  

	  	  	  	  	  	  w	  	  -‐3	  <	  nσ	  TOF	  <	  3;	  -‐1	  <	  nσ	  TPC	  <	  3	  
Ø  TPC	  +	  EMCal	  
	  	  	  	  	  w	  	  	  	  1.5	  <	  pT	  <13	  GeV/c	  
	  	  	  	  	  w	  	  	  -‐1	  <	  nσ	  TPC	  <	  3	  ;	  	  0.8	  <	  E/p	  <1.2	  

3

Analysis strategy.

A. Dubla Utrecht University 

● Photon conversion in the material.
● Dalitz decay of neutral mesons.
● Dielectron decay of light vector mesons.
● Quarkonia decay.

3) Heavy flavour decay spectrum and v2 are obtained subtractng the 

background from the inclusive electron.

1) Identification of the inclusive electrons and extraction of the v2 coefficient 

and pT spectra.

2) Evaluation of the background sources (v2 and pT):

(1 + RSB) = raw inclusive 

electron yield / background 
corrected.

● Cocktail method  (missing): calculate background using measured hadrons as input. 
● Invariant mass method: reconstruction of electron pairs from decay of neutral mesons and gamma             
   conversion (Yield corrected for efficiency reconstruction).

•  v2
back: from cocktail. 

•  RSB : 
      à SP & QC :      
           from invariant mass     
           method. 
      à EP : from cocktail.  

-  Event Selection: 
•  MB trigger (2010) 
     2.8 × 106 events  
     only TPC+TOF PID 
•  Semi-Central trigger (2011) 
     8 × 106 events  
•  Single-shower trigger 
     1.3 × 106 events 

•  TOF 

The heavy-flavour electron v2 is extracted form the inclusive one after subtracting the 
background contribution according to the equation: 
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A. Dubla Utrecht University 

Cocktail v2 background

•  Main background sources: π0, η and γ conversion 
•  The v2

back and the signal over background ratio 
(RSB) were estimated using Monte Carlo simulation 
(cocktail) and invariant mass method. 

 
•  Cocktail simulation: based on the measured elliptic 

flow and pT distributions of hadrons 
 
•  Invarian mass: build e+e- pairs and compute the 

invariant mass from which the background 
contribution is evaluated. 


