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Abstract

We present the first measurement of event-by-event fluctuations in the kaon sector in Pb – Pb colli-
sions at

√
sNN = 2.76 TeV with the ALICE detector at the LHC. The robust fluctuation correlator νdyn

is used to evaluate the magnitude of fluctuations of the relative yields of neutral and charged kaons,
as well as the relative yields of charged kaons, as a function of collision centrality and selected
kinematic ranges. While the correlator νdyn[K+,K−] exhibits a scaling approximately in inverse pro-
portion of the charged particle multiplicity, νdyn[K0

S,K
±] features a significant deviation from such

scaling. Within uncertainties, the value of νdyn[K0
S,K

±] is independent of the selected transverse
momentum interval, while it exhibits a pseudorapidity dependence. The results are compared with
HIJING, AMPT and EPOS–LHC predictions, and are further discussed in the context of the possible
production of disoriented chiral condensates in central Pb – Pb collisions.
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The primary intent of high-energy heavy-ion collisions at the Relativistic Heavy Ion Collider (RHIC) and
at the Large Hadron Collider (LHC) is the production and study of the state of matter in which quarks
and gluons are deconfined. The matter formed in these collisions is characterised as a low-viscosity
fluid, which undergoes a transition to the hadronic phase, after it expands and cools down [1]. The
transition from the hadronic to the QGP phase involves a partial restoration of chiral symmetry and
color deconfinement. Deconfinement of quarks and gluonic degrees of freedom, and the production of
QGP were brought to light by measurements of jet quenching [2–6], quarkonium state suppression, and
measurements of anisotropic flow [7–12]. Anomalous fluctuations of conserved charges were predicted
to arise in the vicinity of the phase boundary and potential signals of the production of a deconfined
phase.

Several studies of particle yield fluctuations have already been reported [13–16] but their interpretation is
largely a matter of debate. More recently, the ALICE collaboration has also investigated fluctuations of
net charge, net protons, as well as fluctuations of the relative yields of pions, kaons, and protons [17–19].
Measurements of such fluctuations are of interest, in particular, as they are nominally sensitive to QGP
susceptibilities [20], the proximity of the hadron gas-QGP phase boundary, as well as, when considered
at lower beam energy, the existence of a critical point [21, 22] in the phase diagram of nuclear matter.
Additionally, measurements of fluctuations are also of interest to probe the existence (or proximity) of
the chiral phase transition, which should manifest itself by the production of anomalous fluctuations [23].
A specific manifestation of this transition from the chiral symmetric phase (high temperature) to a broken
phase (low temperature) involves the production of disoriented chiral condensates (DCCs) [24], a region
in isospin space where the chiral order parameter is misaligned from its vacuum orientation. Theoret-
ical studies of the production and decay of DCCs are typically formulated in the context of the SU(2)
symmetry. It is predicted that the production and decay of DCCs shall manifest through enhanced fluctu-
ations of neutral and charged pion multiplicities [25, 26]. The past searches in this sector have yielded no
evidence for DCC production [27–29]. However, the production of distinct DCC domains might result
in “isospin fluctuations” in the kaon sector, i.e., enhanced fluctuations of the relative yields of neutral
and charged kaons which can be measured by means of the νdyn[K0,Kc] [30–34]. Specifically, it was
predicted that the production of DCC domains in A–A collisions might lead to an anomalous scaling
of νdyn as a function of charged particle multiplicity [35]. A search of kaon isospin fluctuations at LHC
energies is thus of significant interest. Given that kaons from DCC are expected to be produced at modest
transverse momentum [36], the present study is restricted to measurements of K± and K0

S at the lowest
possible transverse momenta (pT) aiming at checking whether data support some basic expectations from
the DCC production.

A measurement of dynamical neutral-to-charged kaon fluctuations, with νdyn, is also of interest in the
broader context of two-particle correlations induced by the hadronization of the QGP, via e.g., quark
coalescence, and the transport of produced hadrons, as well as the possibility that high mass resonances
lead to the production of pairs of kaons. Examples of such resonance decays that contribute to the νdyn

correlator include φ(1020) → K++K−, φ3(1850) → K+K
∗
, f2(2300) → φ + φ , as well as several D-

mesons states. As they decay in-flight, these high-mass states would induce pair correlations of charged
and neutral kaons. The relative abundance of such states might be larger in central collisions because of
higher initial temperature and density conditions. The relative yield of neutral and charged kaons, and
their fluctuations, might then exhibit a centrality dependence as a result of feed-down contributions from
such states. Additionally, given that the relative neutral kaons and charged kaons in general is determined
by the relative yields of strange, up, and down quarks (and their anti-particles) before hadronization, and
given that the production of strangeness is both energy and collision centrality dependent, one might
anticipate a change in the size of the fluctuations from peripheral to central heavy-ion collisions.

In this letter, we report measurements of event-by-event fluctuations of inclusive multiplicities of charged
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and neutral kaons based on the robust statistical observable, νdyn, defined as

νdyn = Rcc +R00 −2Rc0. (1)

The correlators Rxy are normalized factorial cumulants calculated according to

Rxy =
〈Nx(Ny −δxy)〉

〈Nx〉 〈Ny〉
−1, (2)

where the indices c and 0 stand for charged and neutral kaons, respectively. Here δxy = 1 for x = y
and 0 for x 6= y. The correlators Rxy and νdyn vanish in the absence of pair correlations, i.e., for Poisson
fluctuations, but deviate from zero in the presence of particle correlations. Their magnitudes are expected
to approximately scale in inverse proportion of the charged particle multiplicity, Nch, produced in heavy-
ion collisions and shall be insensitive to detection inefficiencies, and only weakly dependent on the
acceptance of the measurement [34].

In order to reduce the challenge of measuring neutral kaon multiplicities on an event-by-event basis,
the neutral kaon measurement is restricted to K0

S by means of their decay into a pair of π+, π− (69.2%
branching ratio [37]) with a displaced vertex. The wide acceptance and high detection efficiency of
charged pions enables event-by-event reconstruction of K0

S with high efficiency and small combinato-
rial background. It is thus possible to measure their multiplicity event-by-event and compute the first,
〈NK0

S
〉, as well as second, 〈NK0

S
(NK0

S
− 1)〉 factorial moments. These constitute estimators to moments

of neutral kaon (and anti-kaon) yields. Indeed, given neutral kaons have a 50% probability of being
a K0

S, with a binomial probability distribution, a measurement of the ratio 〈NK0
S
(NK0

S
− 1)〉/〈NK0

S
〉2 is

thus strictly equivalent to 〈NK0(NK0 − 1)〉/〈NK0〉2. Likewise, 〈NK0
S
NKc)〉/〈NK0

S
〉〈NKc〉 is equivalent to

〈NK0NKc)〉/〈NK0〉〈NKc〉. A measurement of νdyn[NK0
S
,NKc ] thus provides a proper and unbiased proxy to

that of νdyn[NK0,NKc ] even without a measurement of K0
L.

The results presented in this letter are based on 1.3×107 minimum bias (MB) Pb – Pb collisions at center-
of-mass energy per nucleon pair,

√
sNN = 2.76 TeV collected during the 2010 LHC heavy-ion run with

the ALICE detector. The reported correlation functions are measured for charged particles reconstructed
within the Inner Tracking System (ITS) [38] and the Time Projection Chamber (TPC) [39]. The TPC
consists of a 5 m long gas volume contained in a cylindrical electric field cage oriented along the beam
axis, which is housed within a large solenoidal magnet designed and operated to produce a uniform
longitudinal magnetic field of 0.5 T. Signals from charged particles produced in the TPC gas are readout
at both end caps. The ITS is comprised of three subsystems, each consisting of two cylindrical layers
of silicon detectors designed to match the acceptance of the TPC and provide high position resolution.
Together, the TPC and ITS provide charged particle track reconstruction and momentum determination
with full coverage in azimuth over the pseudorapidity range |η | < 0.8 and with good reconstruction
efficiency for charged particles with pT > 0.2 GeV/c. Two forward scintillator systems, known as V0A
and V0C, covering the pseudorapidity ranges 2.8 < η < 5.1 and −3.7 < η < −1.7, respectively, are
additionally used for triggering and event classification purposes. Detailed descriptions of the ALICE
detector components and their respective performances are given in Refs. [40, 41]. The MB interaction
trigger required at least two out of the following three conditions: i) two pixel chips hit in the outer
layer of the silicon pixel detectors ii) a signal in V0A iii) a signal in V0C. The hit multiplicity in the V0
detectors is additionally used to estimate the collision centrality reported in seven classes corresponding
to 0–5% (most central), 5–10%, 10–15%, 15–20%, 20–40%, 40–60%, and 60–80% (most peripheral) of
the hadronic Pb – Pb cross section [42]. The approximate position along the beam line of the primary
vertex (zvtx) of each collision is first determined based on hits recorded in the two inner layers of the ITS
detector. Reconstructed charged particle tracks in the ITS and TPC are finally propagated to the primary
vertex to achieve optimal position resolution. In the context of this analysis, the vertex is required to be in
the range |zvtx| ≤ 10 cm of the nominal interaction point in order to ensure a uniform detector acceptance
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and minimize variations of the efficiency across the fiducial volume of the experiment. In addition, the
standard track quality selections were used to ensure that only well-reconstructed tracks were taken in the
analysis. All selected tracks of each event are processed to identify pions and kaons with the techniques
described below. Event-by-event combinations of two oppositely charged pions are formed to reconstruct
topological K0

S candidates. Standard ALICE topological criteria, also detailed below, are then used to
identify and select K0

S candidates. Charged and neutral kaons are counted, event-by-event, to calculate
the moments 〈Nc〉, 〈N0〉, 〈Nc(Nc−1)〉, 〈N0(N0−1)〉 and 〈NcN0〉, in each collision centrality class. These
moments are finally combined to calculate νdyn values in each class according to Eq. (1).

Charged particle identification (PID) is performed in the pseudorapidity range |η | < 0.5 using the nσ

method based on their energy loss (dE/dx) and their time of flight, measured in the TPC and TOF
detectors, respectively [40, 41]. A selection resulting in a PID with a high purity is crucial in order to
minimize biases in measurements of νdyn. Kaons are selected from TPC dE/dx with |nσ | < 2 in the
ranges 0.2 < p < 0.39 GeV/c and 0.47 < p < 0.5 GeV/c, and −0.5 < nσ < 2 in the range 0.39 < p <
0.47 GeV/c to reduce contamination from electrons. Both TPC and TOF signals, with |nσ | < 2, are
used in the range 0.5 < p < 1.5 GeV/c. Furthermore, kaon tracks are selected based on their distance
of closest approach (DCA) to the collision primary vertex in order to select primary tracks and suppress
contamination from secondary particles and processes. Only tracks with DCAs smaller than 3.2 cm and
2.4 cm along and transverse to the beam direction, respectively, are included in the analysis. These
selection cuts lead to charged kaon contamination ranging from 1.0% (TPC) to 1.4% (TPC+TOF) in
peripheral collisions, and 2.7% (TPC) to 4.4% (TPC+TOF) in 5% most central collisions.

Neutral kaons, K0
S, are reconstructed and selected within 0.4 < pT < 1.5 GeV/c and |η |< 0.5 based on

their weak decay K0
S → π++π− topology and an invariant mass selection criterion, 0.480 < Mπ+π− <

0.515 GeV/c2 with their decay-product tracks within the acceptance window |η |< 0.8. Standard ALICE
topological cuts [43] are used towards the selection of K0

S candidates formed from π+ and π− tracks
identified with the TPC and TOF detectors with pT > 0.2 GeV/c. The maximum DCA of neutral kaons
is set to 0.1 cm in all directions. The required nσ values for the pions were |nσ | < 2 in both TPC and
TOF detectors for 0.2 < p < 1.5 GeV/c. These selection criteria yield a combinatorial π++ π− pair
contamination ranging from 1.3% in peripheral collisions to 4.0% in 5% most central collisions, shown
as a red-brown area in Fig. 1.

Event-by-event fluctuations of the combinatorial background artificially increase the factorial moment
〈N0(N0 −1)〉 and may bias 〈N0Nc〉. A correction for such contamination is accomplished by additionally
measuring correlators involving moments of the number of background pion pairs, Nb, in side band mass
ranges 0.430 < M < 0.460 GeV/c2 and 0.540 < M < 0.575 GeV/c2 used as proxies of the number of
background pairs in the nominal mass range 0.480 < M < 0.515 GeV/c2, shown in Fig. 1, as yellow and
red-brown areas. The background suppressed correlators R00 and Rc0 are thus calculated according to

R00 = (1− fab)
−2 [Raa −2 fabRab + f 2

abRbb
]

, (3)

Rc0 = (1− fab)
−1 [Rac − fabRbc] , (4)

where the labels a, b, and c represent pairs in the nominal mass range, pairs observed in either side bands,
and pairs of charged kaons, respectively. The fraction fab = 〈Nb〉/〈Na〉 is determined for each collision
centrality bin as the average number of background pairs in the range 0.480 < M < 0.515 GeV/c2 es-
timated from a polynomial fit to the background, as illustrated in Fig. 1. Corrections for combinatorial
contamination based on Eqs. (3,4) range from 4.7% in peripheral to 2.5% in central collisions. Addi-
tionally, given the number of charged and neutral kaons grows monotonically with collision centrality,
values of νdyn[K0

S,K
±] are corrected for finite centrality bin widths [44]. These corrections range from

3.9% in peripheral to 2.1% in central collisions.

Statistical uncertainties are evaluated with the event subsampling method using 10 subsamples [19, 45].
The systematic uncertainties include contributions from secondary particles, as well as from the pT de-
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Figure 1: Invariant mass distribution of π++π− pairs measured in central (0–5%) Pb – Pb collisions. The yellow
and black solid lines show a second order polynomial fit of the combinatorial background and a Gaussian+second
order polynomial fit to the invariant mass spectrum, respectively. The vertical dash lines delineate the mass range
used for the determination of neutral-kaon yields. Given the red-brown area, which corresponds to combinatorial
background, cannot be properly assessed event by event, the average of the yellow areas is used as proxy, event-
by-event, to estimate the true combinatorial yield represented by the red-brown area.

pendence of the tracking efficiency which is not perfectly cancelled in the determination of the normal-
ized cumulants Rxy. The event and track selection criteria were varied, and a statistical test [46] was used
to identify significant sources of systematic uncertainties. The largest sources of systematic uncertain-
ties include: (i) the effect of varying the minimum or maximum decay length (< 4%), (ii) variations of
the K± purity when changing the sigma selection criteria (< 4%), (iii) variations during the data taking
period of the K± and K0

S yields (< 3%), and (iv) variations of R00 when correcting for combinatorial
background using different fiducial invariant mass ranges and side bands (< 2%). Additional uncertain-
ties arise when varying the range of accepted primary vertices (< 4%). Adding all sources in quadrature,
systematic uncertainties are estimated to be smaller than 13%, independently of collision centrality.

Heavy-ion collisions simulated with the HIJING v2.0 [47] and AMPT v2.21 [48] Monte Carlo (MC)
event generators, including the propagation of the produced particles through the detectors using GEANT3
[49], were used to validate the correction method. To that end, the reconstructed values of νdyn obtained
from full MC simulations were processed as data, then the fully corrected νdyn values were compared to
those obtained from simulations without detector effects. The agreement was found to be within less than
1%. Generator level MC simulations, with the AMPT and EPOS–LHC [50] models, were additionally
used to obtain basic theoretical expectations for the magnitude of charged to neutral kaon yield fluctua-
tions. AMPT events produced with the options of string melting on (SON) and rescattering off (ROFF),
string melting off (SOFF) and rescattering on (RON), and SON and RON are considered. Furthermore,
EPOS–LHC events are analyzed at generator level for Pb – Pb collisions at

√
sNN = 5.02 TeV. All sets

of simulated data are analyzed with selection parameters and conditions identical to those used in the
analysis of the experimental data. Additionally, the robustness of the analysis was tested by performing
a closure test. To that end, values of νdyn[K0

S,K
±] obtained with HIJING simulated events at both the

detector and generator levels are compared, and verified that values of νdyn obtained with full simulations
of the detector performance and data reconstruction (detector level) are in excellent agreement with those
obtained with generator level data sets.

The top panel of Fig. 2 (a) presents νdyn[K0
S,K

±] (red solid circles) as a function of the Pb–Pb collision
centrality. The largest νdyn is observed in the most peripheral collisions and monotonically decreases
for more central collisions. Such a behavior is qualitatively well described by HIJING, AMPT and
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Figure 2: (a) Measured values of νdyn[K0
S,K

±] (top) and νdyn[K+,K−] (bottom) compared with HIJING
and AMPT model calculations of these observables at generator level. (b) Values of νdyn[K0

S,K
±] (top) and

νdyn[K+,K−] (bottom) scaled by α ≡ (〈K0
S〉−1 + 〈K±〉−1). Statistical and systematic uncertainties are represented

as vertical bar and boxes, respectively.

EPOS–LHC calculations, but these models underestimate the magnitude of νdyn[K0
S,K

±] by an approxi-
mate factor of two in peripheral collisions and by an order of magnitude in most central collisions. The
magnitude of νdyn[K0

S,K
±] is expected to approximately scale in inverse proportion to the number of

sources of correlated particles, Ns, for a collision system involving independent nucleon–nucleon col-
lisions and no scattering of produced particles. This scaling is explored in the top panel of Fig. 2(b)
which displays the centrality dependence of νdyn scaled by the factor α ≡ (〈K0

S〉−1 + 〈K±〉−1). This
factor is known to be approximately proportional to Ns [51]. Scaled values predicted by the models
are found to be essentially invariant with collision centrality. HIJING, in particular, exhibits nearly
constant values of νdyn[K0

S,K
±]/α as a function of collision centrality, whereas AMPT calculations

with SON and ROFF options display a very modest collision centrality dependence, hardly visible in
Fig. 2(b). The measured data, by contrast, feature a strong variation with decreasing centrality. In par-
ticular, νdyn[K0

S,K
±]/α rises from ≈ 0.053±0.005(stat)±0.007(sys) in the 60–80% collision centrality

range to 0.213±0.021(stat)±0.025(sys) in 5% most central collisions and thus one then concludes the
expected 1/Ns scaling of νdyn[K0

S,K
±] is strongly violated.

In order to interpret the dependence of νdyn[K0
S,K

±] on collision centrality and identify the origin of the
1/Ns scaling violation, we study the collision centrality dependence of the components Rcc, Rc0, and
R00 relative to those obtained with HIJING. Correlators computed with HIJING have a nearly perfect
1/Ns scaling as a function of collision centrality. This means they can be used as “no-scaling-violation"
baselines to investigate the collision centrality dependence of the evolution of the measured Rcc, Rc0,
and R00 correlators with collision centrality. Figure 3 presents ratios of measured correlators to those
obtained with HIJING as a function of collision centrality. The ratio R00/RHIJING

00 exhibits the largest
deviation from unity but is otherwise independent, within uncertainties, of collision centrality. This
term thus essentially features the 1/Ns scaling expected from a system consisting of a number of in-
dependent sources, albeit with a magnitude larger by about 15% than that expected from HIJING. By
contrast, the ratio Rcc/RHIJING

cc is closest to unity but features a modest collision centrality dependence.
This modest dependence, discussed further below, is not the main cause of the observed scaling violation
of νdyn[K0

S,K
±] with collision centrality. Indeed, it is found that the ratio Rc0/RHIJING

c0 manifests a more
significant collision centrality dependence. The ratio is of the order of unity in the 60–80% collision
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Figure 3: Ratio (Data/HIJING) of individual terms of νdyn[K0
S,K

±] as a function of collision centrality. Statistical
and systematic uncertainties are represented as vertical bar and boxes, respectively.

centrality range with a deviation from unity consistent, more or less, with that observed for the ratio
Rcc/RHIJING

cc across all centralities. HIJING thus appears to provide a reasonable approximation of the
measured correlation strength of neutral to charged kaons in peripheral collisions. However, the deviation
of the measured Rc0 from HIJING predictions increases monotonically from peripheral to central Pb–Pb
collisions, with the largest deviation observed for the 0–5% Pb–Pb collisions. We then conclude that it
is the Rc0 term that most affect the collision centrality dependence and scaling violation of νdyn[K0

S,K
±].

Interestingly, it happens to be the term most sensitive to variations in the make up of kaons: combin-
ing a strange quark (s) with anti-up (ū) and anti-down quark (d̄), one obtains K− and K0, respectively
(similarly, combining s̄ to u and d quarks, one obtains K+ and K0). Fluctuations in the relative number
of neutral and charged kaons, measured by the Rc0 term, are thus sensitive to fluctuations in the relative
local abundances of u (ū) and d (d̄) quarks. The observed scaling violation of Rc0 with collision centrality
thus suggests the relative abundances of ū and d̄ (as well as u and d) available for the makeup of kaons
might be evolving with collision centrality.

The strength of charged kaon correlations is examined in closer detail by plotting measured values of
νdyn[K+,K−] and predictions by AMPT, HIJING and EPOS–LHC for this observable as a function of
collision centrality in the bottom panel of Fig. 2 (a), and values scaled by α in Fig. 2 (b). The deviations
of measured νdyn[K+,K−] from model predictions are smaller than those for νdyn[K0

S,K
±] but measured

νdyn[K+,K−] values lie systematically above those obtained from the models. Although HIJING, AMPT
and EPOS–LHC do not perfectly capture the magnitude and collision dependence of νdyn[K+,K−], they
nonetheless provide a relatively accurate description of the role of charge conservation, for charged
kaons, in Pb – Pb collisions. Additionally note that scaled values νdyn[K+,K−]/α are invariant, within
uncertainties, with collision centrality, much like values obtained with the three models. Scaling viola-
tions of νdyn[K+,K−] with collision centrality, if any, are not observable within the uncertainties of this
measurement and stand in sharp contrast to the large scaling violation of νdyn[K0

S,K
±] shown in the top

panel of Fig. 2(b). One can then conclude that the large centrality dependence of νdyn[K0
S,K

±] does not
originate from anomalous charge correlations.

The observed strong decrease of Rc0/RHIJING
c0 in central collisions indicates that the level of correlations

between neutral and charged kaons is weakening in this range relative to that predicted by HIJING.
A weaker correlation is expected from the production of large strange DCCs, as shown in Fig. 5 of
Ref. [35] presenting a simple phenomenological model of kaon DCC production. The observed depen-
dence of νdyn[K0

S,K
±] on collision centrality is consistent with expectations based on a simple DCC

7



Neutral to charged kaon yield fluctuations ALICE Collaboration

0 10 20 30 40 50 60 70 80

0.9
1

1.1
1.2

D
at

a 
ra

tio
 

) < 1.5c (GeV/
T

p) < 1.0 / 0.2 < c (GeV/
T

p0.2 < 
) < 1.5c (GeV/

T
p) < 2.0 / 0.2 < c (GeV/

T
p1.0 < 

0.05

0.1

0.15

0.2

0.25

 
α

]/±
,K

0 S
[K

dy
n

ν

| < 0.5η = 2.76 TeV, |NNsALICE, Pb-Pb 

 5)×(

(a)
ALICE HIJING

) < 1.5c (GeV/
T

p0.2 < ) < 1.5c (GeV/
T

p0.2 < 
) < 1.0c (GeV/

T
p0.2 < ) < 1.0c (GeV/

T
p0.2 < 

) < 2.0c (GeV/
T

p1.0 < ) < 2.0c (GeV/
T

p1.0 < 

0 20 40 60 80
Centrality (%)

0.9
1

1.1
1.2

H
IJ

IN
G

 r
at

io
 

Figure 4: (a) top: measured and HIJING/AMPT (generator level) predicted values of νdyn[K0
S,K

±] scaled by α as
a function of collision centrality for various transverse momentum interval of charged kaons. HIJING predicted
scaled values are multiplied by a factor of 5 to approximately match the measured values in most peripheral
collisions; middle: ratio of data for various transverse momentum interval as a function of centrality; bottom: ratio
of HIJING for various transverse momentum interval as a function of centrality.

model. However, significant contributions from other final state effects in central collisions might also
dilute the correlation developed in initial stages.

Nominally, the production of strange DCCs should manifest itself by the emission of relatively low-pT

kaons in the rest frame of the DCC [33]. Even though there is no quantitative prediction in the literature,
the radial acceleration [52, 53] known to occur in relativistic A–A collisions may affect the DCCs and
the particles they produce. Therefore, the strength of the νdyn[K0

S,K
±] correlator is studied in different

ranges of transverse momentum.

The collision centrality evolution of the scaled values of νdyn[K0
S,K

±] is shown in Fig. 4 for selected
pT ranges. The νdyn/α scaling violation is observed in both the higher and lower selected pT ranges.
Contrary to what one expects from DCC production, within uncertainties, the scaled correlation strength
does not show a significant enhancement at low pT. As shown in the bottom panel of Fig. 4, HIJING
also predicts larger correlation strengths in the lower pT range. Additionally, Fig. 5 presents the depen-
dence of νdyn[K0

S,K
±], in panel (a), and νdyn[K0

S,K
±]/α , in panel (b), on the width of the pseudorapidity

acceptance, ∆η , for 0–5% and 5–10% Pb – Pb collision centrality ranges. In panel (a), the data exhibit a
monotonic decrease of νdyn[K0

S,K
±] with increasing ∆η , which reflects the finite correlation width of all

three integral correlator terms Rxy, whereas in panel (b), scaled values of νdyn[K0
S,K

±] exhibit a mono-
tonically decreasing trend with decreasing ∆η acceptance that stems largely from the decrease of the
integrated yield of kaons with shrinking ∆η acceptance. DCCs are expected to produce relatively low
pT particles [25, 32] and should thus be characterized by relatively narrow correlation functions in mo-
mentum space. Radial acceleration associated with the collision system expansion shall further narrow
the correlation dependence on ∆η . We note, however, that the peak widths, σ∆η , observed in data are not
significantly smaller than those obtained with the HIJING calculations. Qualitatively, one would expect
radial flow to further reduce the σ∆η difference among low-pT kaons produced by the decay of strange
DCCs. Unfortunately, the absence of a prediction of the effect of radial flow on DCCs and given that the
observed widths are only slightly smaller than those estimated with HIJING, the measured data thus do
not make a compelling case for the production of strange DCCs in Pb – Pb collisions at the TeV scale.
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Figure 5: (a) Measured values of νdyn[K0
S,K

±] plotted as a function of the width of the acceptance ∆η in the 0–5%
and 5–10% collision centrality ranges are compared HIJING (generator level) calculations scaled by a factor of
18. (b) Values of νdyn[K0

S,K
±] shown in panel (a) are scaled by α . HIJING values are scaled by a factor of 15

for easier comparison with the data. The statistical and systematic uncertainties are represented as bar and boxes,
respectively.

In this letter, we presented measurements of event-by-event fluctuations of the relative yield of the neutral
and charged kaons in Pb – Pb collisions at

√
sNN = 2.76 TeV based on the νdyn observable. The centrality

dependence of νdyn is observed to violate the 1/Ns multiplicity scaling expected from a system of N

independent sources, but this effect is not reproduced by HIJING, AMPT, and EPOS–LHC models.
Close examination of the three terms of νdyn reveals that the strength of correlations among charged
kaons features a collision centrality dependence close to that expected with these three models. The Rc0

cross-term, however, is found to weaken considerably, in most central collisions, relative to a naive 1/Ns

expectation. This indicates correlations between charged and neutral kaons are significantly suppressed
in central collisions. Given the fact that at this time it is unknown if other processes could mimic the
signature of kaon production via DCCs and that the expected momentum dependence is not observed in
the data, the reported measurement does not support the case for strange DCC production in heavy-ion
collisions at LHC energies. Further measurements of differential correlations in ∆η vs. ∆φ and higher
factorial moments are of interest, as they could provide information on the momentum correlation length
and the typical size of correlated kaon sources.
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A. Modak4, A.P. Mohanty62, B. Mohanty87, M. Mohisin KhanV,16, M.A. Molander44, Z. Moravcova90,
C. Mordasini106, D.A. Moreira De Godoy145, I. Morozov63, A. Morsch34, T. Mrnjavac34, V. Muccifora52,
E. Mudnic35, D. Mühlheim145, S. Muhuri142, J.D. Mulligan80, A. Mulliri22, M.G. Munhoz121, R.H. Munzer68,
H. Murakami133, S. Murray124, L. Musa34, J. Musinsky64, J.W. Myrcha143, B. Naik132, R. Nair86, B.K. Nandi49,
R. Nania54, E. Nappi53, A.F. Nassirpour81, A. Nath105, C. Nattrass131, R. Nayak49, A. Neagu20, A. Negru135,
L. Nellen69, S.V. Nesbo36, G. Neskovic39, D. Nesterov113, B.S. Nielsen90, E.G. Nielsen90, S. Nikolaev89,
S. Nikulin89, V. Nikulin99, F. Noferini54, S. Noh12, P. Nomokonov75, J. Norman128, N. Novitzky134,
P. Nowakowski143, A. Nyanin89, J. Nystrand21, M. Ogino83, A. Ohlson81, V.A. Okorokov94, J. Oleniacz143,
A.C. Oliveira Da Silva131, M.H. Oliver147, A. Onnerstad126, C. Oppedisano59, A. Ortiz Velasquez69, T. Osako46,
A. Oskarsson81, J. Otwinowski118, M. Oya46, K. Oyama83, Y. Pachmayer105, S. Padhan49, D. Pagano141,58,
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