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In the original paper, the first measurements of off-diagonal cumulants of net-charge, net-proton (a proxy for the net-
baryon), and net-kaon (a proxy for the net-strangeness) were reported using the first phase of beam energy scan (BES-I) data
from the Relativistic Heavy Ion Collider (RHIC). The second-order mixed-cumulant ratios between net-proton and net-kaon
(Cp,k = σ 1,1

p,k /σ
2
k ) at different collision energies (

√
sNN = 7.7–200 GeV) show a good agreement with various model predictions.

However, the mixed cumulants between net-charge and net-proton (CQ,p = σ 1,1
Q,p/σ

2
p ), as well as the mixed cumulants between

net-charge and net-kaon (CQ,k = σ 1,1
Q,k/σ

2
k ), showed significant deviations from the model predictions. An increasing trend of

these ratios as a function of collision energy in 0–5% central events was reported. Triggered by the theory papers [1], we
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FIG. 2. The dependence of efficiency-corrected second-order diagonal and off-diagonal cumulants on the width of the η-window. The
filled and open circles represent 0–5% and 70–80% central collisions respectively. The shaded band represents the systematic uncertainty. The
statistical uncertainties are within the marker size and solid lines are UrQMD calculations.

realized that the excess correlations in σ 1,1
Q,p and σ 1,1

Q,k arise due to an artifact of assuming Q and p (or k) to be mutually exclusive
variables while correcting for the particle reconstruction efficiency effects. In this erratum, we address this issue. We now present
the new observables σ 1,1

π,k , and σ 1,1
π,p that avoid the above assumption. The previously observed increasing trend with energy in

σ 1,1
Q,k , and σ 1,1

Q,p is no longer seen in the new observables of σ 1,1
π,k , and σ 1,1

π,p.

In the original paper, the efficiency correction for σ 1,1
p,k , σ

1,1
Q,p, and σ 1,1

Q,k was performed using the binomial efficiency correction
method [2,3] assuming net-charge, net-proton, and net-kaon are mutually exclusive variables. In that case, the expression for the
efficiency correction formula for σ 1,1

Q,p is

σ 1,1
Q,p(Corrected) = 1

εQεp
〈nQnp〉 − 1

εQ
〈nQ〉 1

εp
〈np〉. (1)

Here 〈· · · 〉 represents average over events in a given centrality class. The nQ and np are the measured net-charge and net-proton
numbers within the acceptance of our measurement. The εQ and εp are the average efficiencies for inclusive charged particles and
protons, respectively. A similar expression is also used for σ 1,1

Q,k . For inclusive charged particles no identification is performed—
only the charge state is measured using the STAR time projection chamber (TPC) by measuring its helix. But for estimation
of efficiency εQ, the weighted average of tracking efficiencies of protons, pions, and kaons are used. Recently, we discovered
that Eq. (1) is not valid for mutually inclusive variables such as those in Q-p and Q-k correlations. This is because inclusive
charge particle multiplicity (nQ) contains both protons (np) and kaons (nk). This introduces a self-correlation in the previously
considered efficiency correction procedure. A detailed discussion of this issue can be found in Refs. [1,4].

To avoid this problem, we report the correlation between net-pion and net-proton (σ 1,1
π,p) and between net-pion and net-kaon

(σ 1,1
π,k). This can help us address the problem of self-correlation in CQ,p and CQ,k [4]. The combination between net-proton and

net-kaon was already published in the original paper. Pions have been selected within 0.4 < pT < 1.6 GeV/c using both TPC
and time of flight (TOF). To select pions a cut |nσπ | < 2 and 0.01 < m2 < 0.06 (GeV/c)2 has been applied. Proton and kaon
identifications are same as in the original paper. Using σ 1,1

π,p, σ
1,1
π,k , and σ 1,1

p,k we can redefine the cumulant ratios CQ,p and CQ,k as
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FIG. 3. Centrality dependence of efficiency-corrected second-order diagonal cumulants of net-proton, net-kaon, and net-pion (top to
bottom) of the multiplicity distributions for Au + Au collisions at

√
sNN = 7.7, 11.5, 14.5, 19.6, 27, 39, 62.4, and 200 GeV (left to right)

within kinematic range of |η| < 0.5 and 0.4 < pT < 1.6 GeV/c. The boxes represent the systematic error. The statistical error bars are within
the marker size. The dashed lines represent scaling predicted by the central limit theorem and the solid lines are UrQMD calculations.

follows:

CQPID,p =
σ 1,1
QPID,p

σ 2
p

= σ 1,1
π,p

σ 2
p

+ σ 1,1
k,p

σ 2
p

+ 1, (2)

CQPID,k =
σ 1,1
QPID,k

σ 2
k

= σ 1,1
π,k

σ 2
k

+ σ 1,1
k,p

σ 2
k

+ 1. (3)

Here σ 1,1
QPID,p = σ 1,1

π,p + σ 1,1
k,p + σ 2

p and σ 1,1
QPID,k = σ 1,1

π,k + σ 1,1
p,k + σ 2

k . The notation “PID” is used to indicate that instead of using
inclusive charged particles as in our original paper, we are using a combination of identified pions, kaons, and protons.

In this erratum we present the following figures that are updated from the same in our original paper.
Figure 2 shows the updated efficiency corrected diagonal and off-diagonal cumulants of net-pion, net-kaon, and net-proton

as a function of the η-window for the 0–5% and 70–80% centrality bins, and for eight collision energies. Here we replace the
results of σ 2

Q, σ
1,1
Q,p, and σ 1,1

Q,k with σ 2
π , σ

1,1
π,p, and σ 1,1

π,k , respectively. The results for σ 1,1
p,k , σ

2
p , and σ 2

k remain unchanged. The σ 1,1
π,k

and σ 1,1
π,p show a linearly decreasing trend with increasing pseudorapidity acceptance window (η-window).

In Fig. 3, the σ 2
Q is supplanted by σ 2

π that shows a linear increasing trend as a function of collision centrality and agrees well
with the UrQMD calculations. The results for σ 2

p and σ 2
k remain unchanged.

In Fig. 4, the σ 1,1
Q,k and σ 1,1

Q,p are replaced by σ 1,1
π,k and σ 1,1

π,p respectively. The values of σ 1,1
π,k and σ 1,1

π,p are negative at all collision
energies, which indicates π -p and π -k are anticorrelated.

Figure 5 shows the centrality dependence of cumulant ratios. The quantitiesCQPID,p andCQPID,k are updated using Eqs. (2) and
(3), respectively. The current data points agree with UrQMD.

Figure 6 shows the collision energy dependence of Cp,k , CQPID,p, and CQPID,k for 0–5% and 70–80% centralities. The results
are compared with UrQMD and HRG calculations. The UrQMD calculations are redone using Eqs. (2) and (3). The quantities
CQPID,p and CQPID,k decrease with collision energy and are below the Poisson baseline. The quantity CQPID,k agrees well with both
the UrQMD and hadron resonance gas model (HRG) calculations. The quantityCQPID,p agrees with the UrQMD calculations but
deviates from the HRG results.

In summary, we address the issue of self-correlation in the previously considered efficiency correction for (1) net-charge and
net-proton and (2) net-charge and net-kaon second-order off-diagonal cumulants. For these quantities, we replace unidentified
charged hadrons, as used in our original paper, with the sum of pions, kaons, and protons. Unlike our previous observations,
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FIG. 4. Centrality dependence of second-order off-diagonal cumulants of net-proton, net-charge, and net-kaon for Au + Au collisions at√
sNN = 7.7, 11.5, 14.5, 19.6, 27, 39, 62.4 and 200 GeV (left to right) within kinematic range |η| < 0.5 and 0.4 < pT < 1.6 GeV/c. Bars

represent statistical errors and boxes show systematic errors. The dashed lines represent scaling predicted by the central limit theorem and the
solid lines are UrQMD calculations.

we see the following differences: (1) the cumulant ratios do not show strong dependence on centrality or collision energy, (2)
for the cumulant ratio of identified net-charge and net-kaon (CQPID,k) we do not see any strong deviation from UrQMD or HRG
calculations, and (3) for the identified net-charge and net-proton case (CQPID,p) we observe that the results are slightly below the
HRG calculations but are consistent with the UrQMD calculations.
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