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The measurement of elliptic flow and higher-order flow harmonics of
charged particles in

√
sNN = 2.76 TeV Pb+Pb collisions with the ATLAS

detector is presented. Fourier harmonics v2–v6 were extracted with the
event plane and two-particle correlation methods in a broad range of trans-
verse momentum (0.5 GeV < pT < 20 GeV), pseudorapidity (|η| < 2.5) and
collision centrality (0–80%). Results obtained with the two methods were
found to be consistent. Elliptic flow shows rapid rise with pT up to about
3 GeV followed by a decrease within range 3–8 GeV and then becomes
weakly dependent at the highest pT. Similar trend is observed for higher-
order harmonics. As a function of pseudorapidity a very weak dependence
of all flow harmonics is measured.
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1. Introduction

A rich program of measurements using Pb+Pb collisions is underway
with the ATLAS detector [1]. Its main goal is to understand the properties
of QCD matter at high temperatures and densities available at the LHC
energies. One of the manifestations of the new state of matter formed in
relativistic heavy ion collisions is large azimuthal anisotropy of produced par-
ticles [2]. At the beginning of the collision, asymmetric shape of interaction
region induces pressure gradients in the droplet of the hot medium with the
largest pressure within the reaction plane (defined by the impact parameter
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and the beam axis). The initial state asymmetry transforms into the final
state anisotropy of produced particle transverse momenta. This anisotropic
flow is characterized by vn coefficients of the Fourier expansion of particles
azimuthal angle distribution [3]. The second coefficient, v2, usually called
elliptic flow, is related to the approximate elliptical shape of initial state
while higher order harmonics are expected to be induced by fluctuations in
the initial shape of the interaction region [4]. The ATLAS detector with
full acceptance in the azimuthal angle and wide pseudorapidity coverage is
a perfect device for azimuthal anisotropies studies.

2. Analysis methods

Analysis presented in this paper is based on 8 µb−1 of Pb+Pb data col-
lected during the 2010 LHC heavy ion run. The analyzed dataset consists of
about 4×107 minimum bias Pb+Pb collisions at

√
sNN = 2.76 TeV selected

after rejection of non-collision backgrounds and Coulomb interactions. The
coincidence and time correlation between two-arm Minimum Bias Trigger
System (2.1 < |η| < 3.9) and Zero Degree Calorimeter (|η| > 8.3) were used
to obtain clean sample of minimum bias events. Centrality percentiles were
determined based on total transverse energy deposited in forward calorime-
ters (FCal) covering 3.2 < |η| < 4.9.

Flow harmonics were extracted with two independent methods. In the
event plane method charged particle tracks, measured in the inner detector
(|η| < 2.5), were correlated with the event plane angle (Ψn) measured in the
first sampling layer of forward calorimeters [5]. In order to maximize the
separation between detectors measuring event plane and charged particle
tracks, two hemispheres in detector acceptance were defined: positive for
η > 0 and negative for η < 0. Flow harmonics vn = 〈cos(n[φ − Ψn])〉 were
then reconstructed by correlating tracks with event plane from opposite side
hemispheres. The sub-events technique provides large η gap (at least 3.2 η
units) which suppresses short range non-flow correlations interfering with
flow originating from initial geometry. The final vn needs to be corrected
by resolution correction factor R =

√
〈cos[n(ΨP

n − ΨN
n )]〉 which accounts

for the experimental event plane resolution. Two-particle azimuthal correla-
tion were used as a second method of vn measurement [6]. The correlation
functions C(∆φ,∆η) are built from the ratio of the numbers of the same,
Ns(∆φ,∆η), and mixed, Nm(∆φ,∆η), events particle pairs, where ∆φ and
∆η are relative azimuthal angle and pseudorapidity of two particles [7].
Flow harmonics of two-particle correlations, vn,n, are extracted from 1-D
projection of correlation function in ∆η slices (in the range 2< |∆η| <5) via
Fourier transform. For the correlation arising only from collective flow it is
expected that two-particle harmonics vn,n = 〈cos(n∆φ)〉 factorize into prod-
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uct of two single-particle harmonics vn = √vn,n [8]. This method does not
require determination of reaction plane and by taking a ratio the effects from
particle reconstruction efficiency and detector acceptance non-uniformities
are minimized.

3. Results

The transverse momentum and centrality dependence of v2 for charged
particle tracks of |η| < 1 is shown in Fig. 1 [9]. Elliptic flow rises quickly in
low pT region to reach maximum at about 3 GeV then decreases up to 8 GeV
and varies weakly beyond. Similar shape of the distribution is observed
in all considered centrality bins. Higher order flow harmonics follow the
same trend as it is shown in Fig. 2 [7], where v2–v6 are compared in six
centrality bins. In general, vn coefficients are ordered in magnitude with
v2 being dominant. The exception is the most central bin (0–5%), where
the magnitude of v2 is dropping below v3 and even v4 in the narrow pT

range (2–4 GeV). The elliptic flow signal is strongest in semi-central Pb+Pb
collisions (30–50%) and decreases in more central and peripheral interactions
while v3–v6 remain approximately constant in all centrality classes. The
pseudorapidity dependence of v2 covering 5 η units is shown in Fig. 3. Weak
pseudorapidity dependence of elliptic flow as well as v3–v6 (shown in [7]) is
observed. Interestingly, the elliptic flow pT dependence at the LHC energy
is similar to PHENIX and STAR measurements [9] at the RHIC center-of-
mass energy about 14 times lower while η dependence is much different from
PHOBOS result [10] which shows 30% drop of v2 in the same pseudorapidity
range.
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Fig. 1. v2(pT) for eight centrality bins and |η| < 1. Error bars indicates statistical
and systematic uncertainties added in quadrature [9].
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Fig. 2. vn(pT) for six centrality bins. Shaded bands denote systematic uncertainties.
To improve resolution for higher order flow harmonics event plane from full FCal
was used [7].
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Fig. 3. v2(η) in five pT slices and eight centrality bins. Error bars indicates statis-
tical and systematic uncertainties added in quadrature [9].
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Comparison of results obtained with the event plane and two-particle
correlation methods is shown in Fig. 4 as a function of centrality within
1–2 GeV and 2–3 GeV pT intervals. The centrality dependence of vn for the
two pT ranges were found consistent within systematic uncertainties. The
agreement at the level of 5% is observed for harmonics v2–v4, but it worsens
to 10% and 15% for v5 and v6 respectively.
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Fig. 4. vn for charged particles as a function of centrality in two pT bins. Results
obtained with two-particle correlation method (open symbols) and event plane
method (solid symbols) are compared [7].

4. Summary

In summary, v2–v6 harmonics have been measured in Pb+Pb collisions
at
√
sNN = 2.76 TeV over a broad pseudorapidity, transverse momentum,

and centrality range. All harmonics show similar pT dependence, they in-
crease up to pT about 3–4 GeV and decrease for higher pT. Weak pseudo-
rapidity dependence of v2–v6 harmonics is observed in the region covering
|η| < 2.5. Results obtained with event plane and two-particle correlation
method are consistent within 1–3 GeV pT range.
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