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Summary. — Measurements of charge-dependent three-particle correlations in
Pb-Pb and Xe-Xe collisions at \/snn = 5.02 TeV and 5.44 TeV, respectively, are
presented. For Pb—Pb collisions, the event shape engineering technique has been
employed in the analysis. Results on the centrality dependence of the three-particle
correlator yag = (cos(pa + s — 2¥2)) («, 8 denote the charge sign), used to search
for the Chiral Magnetic Effect (CME), are reported in the transverse momentum
interval 0.2 < pr < 5.0 GeV/c within the pseudorapidity range || < 0.8. The charge
dependence of v, has similar magnitudes in the two collision systems pointing to
large background contributions. It is quantitatively reproduced by the Anomalous
Viscous Fluid Dynamics model and by a blast wave model calculation that includes
non-CME effects in Xe—Xe collisions. Furthermore, these measurements combined
with Monte Carlo Glauber and Tr ENTo simulations of the magnetic field are used
to estimate the fraction of the CME contribution to v.g in Xe-Xe and Pb-Pb
collisions.

1. — Introduction

Heavy-ion collisions are used to study the quark—gluon plasma predicted to exist by
quantum chromodynamics (QCD) at high temperatures and energy densities. In addi-
tion, they were proposed to investigate an important property of the strong interaction,
parity violation. It has not been observed yet in strong interactions, even though it is
allowed by QCD. Local parity violation might occur in microscopic domains due to the
interaction of quarks with topological configurations of the gluonic field which changes
the quark chirality. This local chiral imbalance coupled with the strong magnetic field
produced by the colliding ions (B ~ 10'® T) [1] would manifest as a charge separation
along the direction of the magnetic field, a phenomenon called the Chiral Magnetic Effect
(CME) [2]. Its magnitude is quantified by the a1 o coefficient in a Fourier decomposition
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of the azimuthal distribution of the produced particles with respect to the second order
symmetry plane Uy [3]

dN

W T 1)

~ 1+2U1,a COS(@a = \112)+2a1,a Sin(%’a = \112)4-2’()2’(1 COS(2(SDQ - \:[12)) +...,

where ¢, is the azimuthal angle of a particle with charge « (+, -). The vy, coefficients
characterize the anisotropic flow, i.e., the conversion of initial spatial asymmetries of
the collision to momentum anisotropies of produced particles [4]. The vy, and vg 4
coefficients are called directed and elliptic flow, respectively.

The observation of the CME is experimentally difficult and only possible via azimuthal
correlations since (a1,4) = 0 over many events. Only (af ) or (a1,+a1,-) can be measured
using two- and three-particle correlators [5, 6]

(2) ba,8 = (cos(pa = ¢p)) = (v1,av1,8) + (a1,a01,8) + Bin + Bout,
(3) Vo, = (COS(@Q +¥s— 2\112» = (”1,0/‘]1,6) - (al,aal,ﬁ> + Bin = Bout,

where Bj, and B,y represent background contributions projected onto Wy and perpendic-
ular to it, respectively. While d,, g is dominated by non-flow (i.e., short range correlations
unrelated to Uy, such as inter-jet correlations and resonance decays), the v4,g suppresses
background at the level of vy. The largest background contribution comes from local
charge conservation (LCC) coupled with elliptic flow [7].

2. — Analysis details

The analyses are performed using data recorded by the ALICE detector [8] during
the 2017 Xe-Xe and 2018 Pb-Pb runs at \/sxy = 5.44 TeV and 5.02 TeV, respectively.
Charged-particle tracks are reconstructed using the Inner Tracking System (ITS) and
the Time Projection Chamber (TPC). These detectors cover the full azimuth within
the pseudorapidity range |n| < 0.9. The V0 detector covering -3.7 < n < =1.7 (VOC)
and 2.8 <n < 5.1 (VOA) is used for event selection, triggering, and the determination of
centrality and Ws. Pileup and beam-induced background events are removed by applying
an offline event selection. Approximately 10° Xe-Xe (235 x 105 Pb-Pb) events in the 0
70% (0-60%) centrality interval with a primary vertex position within +10 cm from
the nominal interaction point along the beam line are selected. The charge-dependent
azimuthal correlations are measured using charged particles reconstructed by the ITS
and TPC in the transverse momentum range 0.2 < pr < 5.0 GeV/c¢ within || < 0.8. The
vy is measured using the event plane method [3] where the orientation of Wy is estimated
from the azimuthal distribution of the energy deposition measured by the VOA detector.
More details about the event and track selection criteria employed in the Xe-Xe analysis
can be found in ref. [9].

The event shape engineering technique [10] is used to disentangle background con-
tributions from the CME signal in the Pb—Pb analysis. Events with elliptic flow values
significantly larger or smaller than the average are selected based on the magnitude of
the second-order reduced flow vector go [11], calculated from the azimuthal distribution
of the energy deposition measured in the VOC. Ten event-shape classes with the lowest
(highest) g2 value corresponding to the 0-10% (90-100%) range are investigated for each
centrality interval as in ref. [12].
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Fig. 1. — Left: Centrality and charged-particle density dependence of d,3 and 7y.p for pairs
of particles with same and opposite charges from Xe—Xe and Pb—Pb collisions [9, 13]. Right:
Centrality evolution of the charge-dependent difference of .3 compared with model calculations:
BW parameterization [14] coupled with LCC effects and AVFD [15].

3. — Results

The left panel of fig. 1 presents the .5 and v, correlators for same- and opposite-
charge pairs in Xe-Xe [9] and Pb-Pb [13] collisions at /syx = 5.44 TeV and 5.02 TeV,
respectively, as a function of centrality and average charged-particle multiplicity density
(dNen/dn) at midrapidity. Both correlators depend strongly on the charge-sign combi-
nation with similar centrality dependence in the two systems. However, the correlations
are stronger in Xe-Xe collisions than in Pb-Pb collisions. This might be explained by
the different number of particles produced within a given centrality class between the
two colliding systems that dilutes the correlations, which is supported by the (d Ny, /dn)
dependence.

The difference between opposite- and same-charge pair correlations for d,5 and v,z
from Xe-Xe collisions is shown in the right panel of fig. 1. This difference for v,s
(Avqp) is used to investigate the charge separation effect. Its magnitude is quantitatively
reproduced by a Blast-Wave (BW) parameterization [14] coupled with LCC effects and
by the Anomalous Viscous Fluid Dynamics (AVFD) model with values of the CME signal
consistent with zero [16]. These observations point to a large background contribution
to the measurements in Xe—Xe collisions.

The left panel of fig. 2 shows <, for same- and opposite-charge pairs as a func-
tion of centrality for shape selected and unbiased events from Pb-Pb collisions at
V5NN = 5.02 TeV. The same-charge correlations are stronger than the opposite-charge
correlations for both shape selected and unbiased events. Their magnitudes depend
weakly on g2 (i.e., v3) within a given centrality class. The vo dependence of A~y,g is pre-
sented for various centrality classes in the right panel of fig. 2. The Av,g is positive for
all centrality intervals and decreases with centrality and vy (in a given centrality class).
The dependence on v, indicates a large non-CME contribution to 3.

In order to estimate the fraction of the CME signal to 7,8, denoted as fcmg, the
measured Avy,g in Xe-Xe and Pb—Pb collisions is combined with Monte Carlo simulations
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Fig. 2. — Left: Centrality dependence of v, for pairs of particles with same and opposite charges
for shape selected and unbiased events from Pb-Pb collisions at /snn = 5.02 TeV. Right: Av,g
as a function of vs for shape selected events.

of the magnetic field. The expected centrality and vy dependence of the CME signal are
estimated from MC Glauber [17] and TR ENTo [18] calculations as detailed in refs. [9,12].
Two different approaches were investigated.

In the first procedure [9], the Avy,p for the two systems is expressed using a two-
component approach by assuming that both the CME signal and background scale with
dNCh/dn

(4) FXe—Xe _ sBXe—Xe + bv%(e—Xe’

(5> FPb—Pb _ SB)Pb—Pb + bvg’b—Pb

)

where I' = v,5dNen/dn, B = ((eB)?cos(2(¥p - ¥s3))) (|B| and ¥y are the magnitude
and direction of the magnetic field), and s and b parameters quantify the signal and
background contributions, respectively. Extracting s and b from egs. 4 and 5, one can
determine foug in Xe—Xe and Pb—Pb collisions. The centrality dependence of foumg in
Xe—Xe and Pb—Pb collisions is reported in the left panel of fig. 3. The parameter foug
is compatible with zero up to 30% centrality and then becomes positive. Averaging over
the centrality range 0-70% gives an upper limit of 2% (25%) at 95% confidence level in
Xe—Xe (Pb—PDb) collisions.

In the second approach, the vy dependence of A7,z and the expected CME signal
(i.e., {(eB)?cos(2(¥p - ¥y)))) in Pb—Pb collisions are fitted with a linear function with
the slope p; being equal to unity in a pure background scenario [12]. Assuming such a
case, fomg can be extracted by relating p; from data and MC models

(6) feme * pive + (1= fome) x 1= p1 data-

The right panel of fig. 3 shows fcoumg for the models employed in this study. The CME
fraction cannot be precisely extracted for the 0-5% centrality class. The value of fomr
is consistent with zero up to 50% centrality. Combining the points from the 5-60%
centrality interval gives an upper limit of 6.4% (5.5%) at 95% confidence level for the
MC Glauber (TgENTo) models.
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Fig. 3. — Left: Centrality dependence of fome based on the two-component approach [9] in
Xe—Xe and Pb—Pb collisions. Right: Centrality dependence of fcume from the slope parameter
of fits to data and MC models [12] in Pb—Pb collisions.

4. — Summary

The charge-dependent three-particle correlator 7,4 has been measured in Xe-Xe and
Pb-Pb collisions at /snx = 5.44 TeV and 5.02 TeV, respectively. Various observations,
including comparisons with MC calculations in Xe—Xe collisions, indicate that the mea-
surements are dominated by background. Different approaches are used to estimate the
fraction of the CME signal to v,3 and the corresponding upper limit in both collision
systems.
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