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Abstract. We present results on inclusive electrons for 1.5 < pT < 6 GeV/c in

Pb-Pb collisions at
√
sNN = 2.76 TeV measured with ALICE at the LHC and compare

these to a cocktail of background electron sources. The excess of electrons beyond

the cocktail at high momenta (pT > 3.5 GeV/c) is attributed to electrons from heavy-

flavour decays. The corresponding nuclear modification factor indicates heavy-flavour

suppression by a factor of 1.5-4.

PACS numbers: 25.75.-q, 25.75.Cj, 25.75.Dw

1. Introduction

A Large Ion Collider Experiment (ALICE) [1] is the dedicated heavy-ion experiment at

the LHC. It is assumed that in central nucleus-nucleus collisions at high energy a Quark-

Gluon Plasma (QGP), a high density deconfined state of strongly interacting matter, is

formed. Heavy-flavour quarks (c, b) are excellent probes of the QGP. Originating from

initial scattering processes they are produced on a very short time scale (τ ≈ 1/(2mq)

. 0.1 fm/c). Thus they are sensitive to the full history of the collision. In particular,

they enable us to study parton energy loss and its quark mass dependence.

Heavy-flavour production is measured in several channels by ALICE. We present first

results of indirect measurements of charm and beauty quarks in Pb-Pb collisions at√
sNN = 2.76 TeV via the identification of single electrons: c or b → e± + X

(B.R. ≃ 10%).

2. Electrons from heavy-flavour decays

The results presented in this contribution are obtained from the first Pb-Pb run at√
sNN = 2.76 TeV. The Silicon Pixel Detector (SPD) at mid-rapidity and the forward

VZERO scintillator counters provide a minimum bias trigger (corresponding to 97%

of the inelastic Pb-Pb cross section), and are also used to derive the centrality of the

collisions [2]. The ALICE detector system allows excellent track reconstruction and

particle identification for electrons in the central barrel (|η| < 0.9). In the present

analysis the Inner Tracking System (ITS) and the Time Projection Chamber (TPC) were

used for vertex and track reconstruction. After selecting good-quality tracks in the TPC,
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we required a hit in the innermost layer of the ITS (r = 3.9 cm) to reduce the background

from photon conversions. The measured time of flight had to be consistent with the

electron hypothesis within 3σ to suppress kaons up to p = 1.5 GeV/c and protons up

to p = 3 GeV/c. Furthermore, a cut on the specific energy deposit dE/dx in the TPC

expressed in number of sigmas from the electron line was applied. Electrons were selected

within the range 0 to 3 σe to reduce pions as much as possible. The remaining hadron

contamination was determined via fits of the TPC dE/dx in momentum slices, and the

yield was subtracted from the electron spectra. In the momentum range 1.5-6 GeV/c

the hadron contamination amounts to less than 10%.

The efficiency and acceptance corrections
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Figure 1: Efficiency and acceptance corrected

pT spectra of inclusive electrons for various

centrality ranges.

were derived from Monte Carlo (MC)

simulations. The TOF matching effi-

ciency was cross-checked with a data-

driven method in which the signal from

γ → e+e− conversions in material was

evaluated. The resulting transverse mo-

mentum spectra for inclusive electrons

for various centrality ranges are shown

in Fig. 1. The systematic uncertainty of

35% is mainly given by the uncertainties

in the particle identification. There is on-

going work to extend the pT range to-

wards low pT. In the future the infor-

mation of the Transition Radiation De-

tector (TRD) and the Electromagnetic

Calorimeter (EMCAL) will also be used

in the analysis. This will improve the particle identification. Thus the systematic

uncertainty will significantly be reduced and the spectrum can be extended towards

higher pT.

The inclusive electron yield consists primarily of three components: (i) electrons from

heavy-flavour hadron decays, (ii) photonic background electrons from Dalitz decays of

light mesons (π0, η, etc) and photon conversions as well as real and virtual direct pho-

tons and (iii) non-photonic background from dielectron decays of vector mesons and Ke3

decays. The photonic background (ii) is the largest background contribution. To extract

the electrons from heavy-flavour hadron decays the background sources are subtracted

with the so-called ”cocktail method”. Using a MC event generator of hadron decays a

cocktail of electron spectra of background sources is calculated based on the yield and

the momentum distributions of the electron sources. Figure ?? shows the inclusive elec-

tron spectrum for 0-10% most central collisions and the corresponding cocktail with the

presently included background sources. Electrons from π0-Dalitz decays (π0 → γ e+e−)

and from photon conversions from the decay (π0 → γγ) in the detector material con-

tribute dominantly to the background. Thus an excellent parametrization of the pion
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spectrum is mandatory. At the moment our pion input is based on charged pion mea-

surements with ALICE [3]. The heavier mesons are implemented via mT scaling. The

QCD photons (direct γ, γ∗) are based on NLO calculations [4]. The systematic uncer-

tainty is conservatively estimated to be 25%. In the future the systematic uncertainty

of the cocktail can be decreased with an improved pion input and direct measurements

of other background sources.
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Figure 2: Inclusive electron spectrum

for the centrality 0-10% compared to

the cocktail of background electron

sources.
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Figure 3: Ratio of inclusive electron

spectrum to cocktail of background

electron sources for the centrality

0-10%.

Figure 3 shows the ratio of the inclusive electron spectrum to the cocktail of background

electron sources for the centrality 0-10%. We attribute the yield beyond the cocktail

in the pT region 3.5-6 GeV/c to semileptonic heavy-flavour decays. In addition there is

a hint of an excess at small transverse momentum, which depends on centrality. It is

observed that for peripheral events the ratio is compatible with the corresponding result

in pp collisions at 7 TeV. This could point to an additional electron source at low pT,

e.g. thermal radiation.

3. Nuclear modification factor

Information on the properties of the Quark-Gluon Plasma can be obtained by comparing

a given observable in nucleus-nucleus collisions (”QCD medium”) to the one measured

in pp collisions (”no QCD medium”). Among the most interesting observables is

the suppression of high pT hadrons quantified with the nuclear modification factor:

RAA(pT) = 1
〈TAA〉

· dNAA/dpT
dσpp/dpT

, where 〈TAA〉 is the average nuclear overlap function for a

given centrality range, dNAA/dpT and dσpp/dpT represent the particle yield in nucleus-

nucleus collisions and the cross section in pp collisions, respectively. Figure 4 shows

the nuclear modification factor of background-subtracted electrons (see above) for the

centrality ranges 0-10% (central events, 〈Npart〉=357) and 60-80% (peripheral events,
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〈Npart〉=23). The pp reference spectrum is obtained by scaling the measured spectrum

of electrons from heavy-flavour decays in pp at
√
s = 7 TeV [5] to 2.76 TeV based on

FONLL calculations [6]. The system-
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Figure 4: Comparison of the RAA of

background subtracted electrons for central

and peripheral Pb-Pb collisions

atic uncertainties in the FONLL calcu-

lation (i.e. uncertainties of the bare

quark masses, the scale parameters and

differences in scaling for electrons from

charm and beauty decays) are ∼10% for

pT > 2 GeV/c. In contrast to peripheral

events, a suppression of a factor of 1.5-4

is found for 0-10% central collisions in the

pT region 3.5-6 GeV/c, where charm and

beauty decays dominate. This indicates

strong coupling of heavy quarks to an

opaque medium, that is created in heavy-

ion collisions. The result is compati-

ble with the RAA of muons from heavy-

flavour decays [7].

4. Conclusion and outlook

We have measured inclusive electron spectra for 1.5 < pT < 6 GeV/c in Pb-Pb collisions

at
√
sNN = 2.76 TeV. The electron yield beyond the expected background cocktail at

high momenta (pT > 3.5 GeV/c) is attributed to electrons from heavy-flavour decays.

The corresponding nuclear modification factor for 0-10% most central collisions shows

a suppression of a factor of 1.5-4, which indicates strong coupling to the medium but is

nevertheless higher than the RAA of D mesons (charm only) [8]. The suppression tends

to vanish towards peripheral events. In addition a hint of a centrality dependent excess

above background sources is observed at small momenta (pT < 3 GeV/c). A cross-

check with the D mesons measurement in ALICE at mid-rapidity seems to exclude

an additional charm source at low pT. Thermal radiation could be another electron

source. In the near future, the pT range of the RAA will be extended towards low

and high pT. The systematic uncertainty will be reduced with improved particle

identification, cocktail input and the pp reference spectrum measured in pp collisions

at
√
s = 2.76 TeV. Finally, the charm and beauty contributions will be disentangled on

the basis of electron separation from the interaction vertex.
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