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With the first Pb–Pb data collected at the Large Hadron Collider at the end of 2010, the
ALICE Collaboration has measured bulk properties such as the multiplicity of charged par-
ticles, space-time properties and collective effects of the system created. In the following,
after a brief introduction on the event and centrality selections, these studies as a function of
centrality will be summarized and compared to RHIC results and model predictions.

1 Introduction

At the end of 2010, the LHC produced its first Pb–Pb collisions. The ALICE experiment 1 is
specifically designed to study heavy-ion physics at the LHC and investigate the properties of
the hot and dense deconfined matter, the Quark-Gluon Plasma, whose formation is predicted by
Quantum-Chromodynamics at high energy density. To characterize the collisions, the ALICE
Collaboration measured fundamental observables which are sensitive to the properties of this
matter. For the analyses described here, the relevant data come from the following detectors:
the Inner Tracking System (ITS), the Time Projection Chamber (TPC), the V0 scintillators at
forward rapidity, placed on either side (A and C) of the interaction point and the Zero Degree
Calorimeters (ZDC).

1.1 Trigger and event selection

The detectors used for triggering are V0 scintillators and the first two layers of the ITS, namely
the Silicon Pixel Detector (SPD). Minimum bias events have been triggered requiring two out of
three of the following signals: two chips fired in the SPD outer layer, a signal in the V0 on the A
side and a signal in the V0 on the C side. The trigger condition has been tightened during the
run period requiring a signal in both the V0s, which is more efficient in rejecting electromagnetic
interactions.

In order to remove background, events are further selected offline requiring a minimal energy
deposit in the each of the neutron ZDC to reduce electromagnetic processes and the V0 timing
information together with the correlation between TPC tracks and SPD hits is used to remove
beam–gas interactions.

1.2 Centrality determination

For the centrality determination the main ingredients are a Glauber calculation to model inelastic
A–A interactions and a two component model for particle production with sources distributed
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Figure 1: dNch/dη at central pseudorapidity (|η| <

0.5) per participant pair as a function of the centre-
of-mass energy for the 5% most central A–A collisions
and for pp collisions. The data have been fitted using

a power law (curves).
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Figure 2: dNch/dη per participant pair as a func-
tion of the number of participants in Pb–Pb colli-
sions at

√
sNN=2.76 TeV and in Au–Au collisions at√

sNN=0.2 TeV. The latter are scaled by a factor 2.1
(scale on the right). The grey band shows the corre-
lated uncertainties and the error bars the uncorrelated
ones. pp data have been obtained interpolating data

at 2.36 and 7 TeV.

as Ncoll + f × Npart, where each source emits particles distributed according to a Negative
Binomial Distribution. The experimental distribution of the summed amplitudes in the V0
detector is fitted using the Glauber model above an anchor point where the trigger efficiency
is 100% and the background contamination from electromagnetic processes is negligible. This
point corresponds to 88% of the inelastic cross section. To determine centrality classes the data
are sliced in percentile bins and the number of participant Npart is determined geometrically
from the Glauber model.

2 Multiplicity density of primary charged particles

The pseudorapidity density measure is based on tracklets reconstructed in the SPD, correcting
for acceptance and efficiency and subtracting the combinatorial background 2. In Fig. 1 the
pseudorapidity density at mid-rapidity scaled by the number of participating nucleons measured
in the 5% most central collision is shown for A–A collisions and compared to pp data. Both
are fitted with a power law: the growth with

√
sNN is faster in A–A than in pp collisions. The

multiplicity density is a factor 1.9 higher compared to pp at similar energies and a factor 2.1
compared to RHIC. Most of the model calculations underpredict the measurement.

The evolution of the multiplicity with centrality has also been measured 3. Compared to
RHIC data, the multiplicity is a factor two higher and increases also by a factor two going
from peripheral to central events (Fig. 2). The centrality dependence is similar to that found at
RHIC.

Comparing measurements with model predictions, in particular two-component models and
saturation models, those incorporating a moderation of the multiplicity with centrality provide
a better description of the data.

3 Elliptic flow of primary charged particles

The first anisotropic flow studies4 with tracks reconstructed in the TPC and ITS are summarized
in this section. The elliptic flow coefficient v2, the second moment of the azimuthal distribution
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Figure 3: v2(pt) for the centrality class 40-50% ob-
tained with the 2- and 4-particle cumulant methods
(top panel) and v2 {4}(pt) for several centrality classes

compared to STAR data (lower panel).
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Figure 4: Elliptic flow coefficient v2 obtained with
several methods as a function of centrality com-
pared to RHIC measurements in Au–Au collisions at√

sNN=0.2 TeV.

of hadrons in the final state, has been measured using several analysis techniques which have
different sensitivity to non-flow effects and flow fluctuations. The differential flow is shown in
Fig. 3 (left plot) for one centrality class and two methods: the values are the same as those
found at RHIC within the uncertainties and the difference between the two methods is due to
non-flow effects, which are negligible for the 4-particle cumulant method, and to fluctuations
which have opposite sign. In the same figure (right plot) v2 is shown in several centrality classes
compared to RHIC data for the 4-particle cumulant method: the dependence on pt does not
change with centrality.

In Fig. 4 the centrality dependence of v2 is shown for several methods, for example the 2- and
4-particle cumulant methods by correlating particles of the same charge (for which correlations
due to non-flow effects are weaker). The integrated elliptic flow is larger at the LHC than at
RHIC because the mean pt is higher. The increase is about 30% for more peripheral centralities
and is reproduced by hydrodynamic predictions with low viscous corrections and some hybrid
models, while ideal hydrodynamic models predict a lower increase.

4 Two-pion Bose–Einstein correlations in central collisions

The space-time properties of the particle-emitting system created in central collisions have been
measured using the Bose–Einstein enhancement of identical pion pairs close in phase-space (HBT
analysis) 5. The two-pion correlation functions have been studied in transverse momentum bins
using tracks reconstructed in the TPC. The pion source radii define the homogeneity volume
(the region from which particle pairs with a certain momentum are most likely emitted). The
radii have been measured to be up to 35% larger than those measured at RHIC in central Au–
Au collisions at

√
sNN=0.2 TeV and, as observed at lower energies, show a decreasing trend

with increasing transverse momentum, characteristic feature of expanding particle sources. In
Fig. 5 (left plot) the quantity RoutRsideRlong, related to the volume of the homogeneity region
and therefore representing only a fraction of the whole particle-emitting source, is compared
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Figure 5: Product of the HBT radii at kT=0.3 GeV/c (left panel) and decoupling time extracted from Rlong(kT)
(right panel) as a function of the mean dNch/dη. ALICE results are compared to lower energy data at the AGS,

SPS and RHIC.

with measurements at lower energies. It is found to be twice the value measured in the most
central collisions at RHIC. The decoupling time, i.e. the time of hadron chemical freeze-out,
has been measured from Rlong, which is proportional to the total duration of the longitudinal
expansion. It is about 30% larger than the one measured at RHIC (Fig. 5 on the right) and a
linear scaling with <dNch/dη>1/3 is observed. The expansion of the fireball created in Pb–Pb
collisions at

√
s=2.76 TeV is modeled using the relativistic viscous hydrodynamics and models

tuned to reproduce RHIC data still hold at the LHC and reproduce the observed growth with
energy.

5 Conclusions

After few weeks from the first Pb–Pb collisions, the ALICE Collaboration has extracted the
main properties of the matter produced. The first measurements with Pb–Pb collisions show
an increase in the multiplicity of charged particles compared to RHIC (about factor 2) but with
the same centrality dependence. The increase is higher than expected. The elliptic flow is found
to be stronger than at RHIC and the system created behaves as a very low viscosity fluid. As
for two-pion Bose–Einstein correlations, the pion source radii and the decoupling time exceed
significantly those measured at RHIC and follow the trend observed at lower energies.
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