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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].

RV 0A
EP =

s
hcos[2( V 0A

EP � V 0C
EP )]ihcos[2( V 0A

EP � TPC
EP )]i

hcos[2( V 0C
EP � TPC

EP )]i

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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-  Event Plane reconstruction 
•  TPC 

•  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 electrons (HFE) is 

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

•  Good agreement is observed among the different electron identification strategies. 
•  Consistent results between the invariant mass and the cocktail methods. 
•  Centrality dependence observed for the heavy-flavour decay electron v2. 
•  Non zero v2 of heavy-flavour decay electrons was observed in Pb-Pb collisions at √sNN = 2.76 TeV  
    à indicates strong re-interaction of heavy quarks in the created hot and dense partonic medium.  

•  Inclusive electron v2 is evaluated in different centrality classes: 
       -  Event plane (estimator of the reaction plane) method. 
       -  Smooth transition of electron v2 in pT using different PID strategies. 
       -  Clear centrality dependence of  the v2 coefficient. 

•  v2 > 0 is observed (3σ effect in 20-40% centrality class) 
•  Centrality dependence of heavy flavour decay electron v2  
     -  Hint for an increase of v2 from central to peripheral collisions. 
•  Data starts to provide constraints to models: 
     -  Indication of significant re-scattering of heavy quarks in the hot and dense medium. 
     -  Indication of a certain degree of thermalization of heavy quarks. 

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

Background: photonic electrons 

-  Centrality:   
•  VZERO Multiplicity 
•  0-10%, 10-20% and 20-40% 
     central Pb-Pb collisions. 

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).

The heavy-flavour decay electron v2 is extracted form the inclusive one after subtracting 
the background contribution according to the equation: 

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

back and the signal over background ratio (RSB) were 
estimated with two methods. 

•  Cocktail simulation: based on the measured elliptic flow 
and pT distributions of charged pions and direct γ in ALICE 
(cocktail v2 is used for  pT > 1.5 GeV/c) 

•  Invariant mass: based on the reconstruction of e+e- pairs 
(ULS) from photon conversions and Dalitz decays with 
small invariant mass. Like sign pairs (LS) are used to  

     estimate the combinatorial background to the ULS pairs.	  

Different PID strategies were used to select  
the electron candidates. 

Ø  ITS	  +	  TOF	  +	  TPC	  
  w	  	  0.5	  <	  pT	  <	  3	  GeV/c	  	  	  	  	  	  	  
Ø  TPC	  +	  TOF	  (20-‐40%	  centrality	  class)	  

	  	  	  w	  	  1.5	  <	  pT	  <	  6	  GeV/c	  
Ø  TPC	  +	  EMCal	  	  
	  	  	  	  	  	  	  	  	  w	  	  1.5	  <	  pT	  <	  13	  GeV/c	  

Electron identification 

Elliptic flow of heavy-flavour decay electrons at

p
sNN = 2.76 TeV

with the ALICE detector

Andrea Dubla (Utrecht University) for the ALICE collaboration

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

15
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Cocktail v2 background

Similar purity evaluated using ITS+TOF+TPC  
and TPC+EMCal PID for pT < 3 GeV/c. 
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Figure 5. The created initial transverse energy density profile and its time
dependence in coordinate space for a non-central heavy-ion collision [21]. The z-axis
is along the colliding beams, the x-axis is defined by the impact parameter.

with the reaction plane. The reaction plane is defined by the impact parameter and the

beam direction z (see Fig. 4). A convenient way of characterizing the various patterns

of anisotropic flow is to use a Fourier expansion of the invariant triple di↵erential

distributions:

E

d3
N

d3p
=

1

2⇡

d2
N

ptdptdy

 

1 + 2
1X

n=1

v

n

cos[n('� RP)]

!

, (2)

where E is the energy of the particle, p the momentum, pt the transverse momentum, '

the azimuthal angle, y the rapidity, and  RP the reaction plane angle. The sine terms

in such an expansion vanish because of the reflection symmetry with respect to the

reaction plane. The Fourier coe�cients are pt and y dependent and are given by

v

n

(pt, y) = hcos[n('� RP)]i, (3)

where the angular brackets denote an average over the particles, summed over all events,

in the (pt, y) bin under study. In this Fourier decomposition, the coe�cients v1 and v2

are known as directed and elliptic flow, respectively.

The evolution of the almond shaped interaction volume is shown in Fig. 5. The

contours indicate the energy density profile and the plots from left to right show how

the system evolves from an almond shaped transverse overlap region into an almost

symmetric system. During this expansion, governed by the velocity of sound, the created

hot and dense system cools down.

Figure 6a shows the velocity of sound versus temperature for three di↵erent

equations of state [22]. The dash-dotted line is the hadron resonance gas EoS, the

red full line is a parameterization of the EoS which matches recent lattice calculations

and the blue dashed line is an EoS which incorporates a first order phase transition.

The arrows indicate the corresponding transition temperatures for the lattice inspired

EoS and the EoS with a first order phase transition. The temperature dependence of

the sound velocity clearly di↵ers significantly between the di↵erent equations of state.

Because the expansion of the system and the buildup of collective motion depend on the

velocity of sound, it is expected that this di↵erence will have a clear signature in the flow.
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•  VZERO 

•  Single-shower trigger (2011 EMCal trigger) 20-40% (pT > 8 GeV/c)à 1.3 × 106 events 

-  Event Selection: 
•  MB trigger (2010) 
•  20-40% à 2.8 × 106 events  
•  Central + Semi-Central triggers (2011) 
•  0-10% à 14 × 106 events 
•  10-20% à 3.7 × 106 events  
•  20-40% à 8 × 106   events 

-  Electron identification at mid-rapidity |η| < 0.9: 
•  TPC •  EMCal •  TOF •  ITS 
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