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FIG. 2. (Colour online) The centrality dependence of the
three–particle correlator defined in Eq. 2. The red circles
indicate the ALICE results obtained from the cumulant anal-
ysis. The blue stars show the STAR data from [6]. The
green triangles represent the genuine three–particle correla-
tions (〈cos(φα + φβ − 2φc)〉) from HIJING [20] corrected for
the experimentally measured v2{2} [17]. A model prediction
for the same sign correlations incorporating the Chiral Mag-
netic Effect for LHC energies [21] is shown by the solid red
line. Points are displaced horizontally for visibility.

other analyses the orientation of the collision symme-
try plane is estimated from the azimuthal distribution
of charged particles in the TPC, and hits in the forward
VZERO and ZDC detectors [19]. The small differences
between the methods are considered as part of the sys-
tematic uncertainty.

Figure 1b shows the centrality dependence of the two–
particle correlator 〈cos(φα − φβ)〉, as defined in Eq. 3.
The statistical uncertainty is smaller than the symbol
size. The two–particle correlations for the same and op-
posite charge combinations are always positive and ex-
hibit qualitatively similar centrality dependence, while
the magnitude of the correlation is smaller for the same
charged pairs. Our results differ from those reported by
the STAR Collaboration for Au-Au collisions at

√
sNN =

200 GeV [6] for which a negative correlations are observed
for the same charged pairs.

Figure 1c shows the 〈cos∆φα cos∆φβ〉 and
〈sin∆φα sin∆φβ〉 terms separately. For pairs of
the same charge particles, we observe that the cor-
relations projected onto the direction perpendicular
to the reaction plane, 〈sin∆φα sin∆φβ〉, are larger
than those projected onto the reaction plane direction,
〈cos∆φα cos∆φβ〉. On the other hand, for pairs of
opposite charge, the two terms are almost identical
except for the most peripheral collisions.

Figure 2 presents the three–particle correlator
〈cos(φα +φβ − 2ΨRP )〉 as a function of the collision cen-
trality compared to model calculations and results for

RHIC energies. The statistical uncertainties are repre-
sented by the error bars. The shaded area around the
points indicates the systematic uncertainty based on the
different sources described above. Also shown in Fig. 2
are STAR results [6]. The small difference between the
LHC and the RHIC data indicates little or no energy de-
pendence for the three–particle correlator when changing
from the collision energy of

√
sNN = 0.2 TeV to 2.76 TeV.

In Fig. 2, the ALICE data are compared to the ex-
pectations from the HIJING model [20]. The HIJING
results do not exhibit any significant difference between
the correlations of pairs with same and opposite charge
and were averaged in the figure. The correlations from
HIJING show a significant increase in the magnitude for
very peripheral collisions. This can be attributed to cor-
relations not related to the reaction plane orientation, in
particular, from jets [6].
For the correlations originating in CME, the correla-

tion of pairs with same and opposite charge should be
similar in magnitude and opposite in sign. The results
from ALICE in Fig. 2 show a strong correlation of pairs
with the same charge and simultaneously a very weak
correlation for the pairs of opposite charge. This could
be interpreted as “quenching” of the charge correlations
for the case when one of the particles is emitted toward
the centre of the dense medium created in a heavy–ion
collision [5]. An alternative explanation can be provided
by a recent suggestion [13] that the value of the charge
independent version of the correlator defined in Eq. 2 is
dominated by directed flow fluctuations. The sign and
the magnitude of these fluctuations based on a hydro-
dynamical model calculation for RHIC energies [13] ap-
pear to be very close to the measurement. Our results
for charge independent correlations are given by the blue
band in Fig. 2.
The thick solid line in Fig. 2 shows a prediction [21]

for the same sign correlations due to the CME at LHC
energies. The model makes no prediction of the absolute
magnitude of the effect, and can only describe the energy
dependence by taking into account the duration and time
evolution of the magnetic field. It predicts a decrease of
the correlations by about a factor of five from RHIC to
LHC, which would significantly underestimate the ob-
served magnitude of the same sign correlations seen at
the LHC. At the same time in [5, 10], it was suggested
that the CME might have the same magnitude at the
LHC and at RHIC energies. Note that, in [8] it is argued
that local charge conservation effects may be responsible
for a significant part of the observed charge dependence
of the correlator 〈cos(φα+φβ−2ΨRP )〉. A full discussion
of these effects is beyond the scope of this paper, and will
be presented in a future publication.
Figure 3 shows the dependence of the three–particle

correlator on the transverse momentum difference, |pt,α−
pt,β|, the average transverse momentum, (pt,α + pt,β)/2,
and the rapidity separation, |ηα − ηβ |, of the pair for the


