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A. Tefelska19 , D. Tefelski19 , V. Tereshchenko20, R. Tsenov2 , L. Turko18 , T. S. Tveter10 , M. Unger4 ,
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Erratum to: Eur. Phys. J. C
https://doi.org/10.1140/epjc/s10052-024-13076-y

This Erratum replaces, due to a discovery of coding mistakes,
the following quantities: κ3/κ1 of the h+ − h− distribution
presented in Fig. 6 and Table 6, κ4 listed in Table 4, and Ĉ4

presented in Fig. 7 and Table 5. All mentioned figures and
tables were updated.

The following paragraph in Sect. 4.5 requires modifica-
tion:

A dominant source of uncertainty becomes apparent from
the comparison of different event and track selection cri-
teria. On average, this uncertainty is 3.2 times larger than
that emerging from the comparison of unfolding procedures
using different models. In less than 20% cases, the dominat-
ing uncertainty emerges from the comparison of unfolding
with Epos1.99 and FTFP-BERT models – this takes place
usually in the case of single cumulants and rarely in the case
of ratios. For the ratio of κ4/κ2 the dominant effect is nearly
always the comparison of the event and track selection (the
exception is the h− at the lowest energy where the effects are
comparable).

The replacement of Fig. 6 requires modification of the last
paragraph of Sect. 5.2 with the following updated version:

Figure 6 shows the energy dependence of net-charge fluc-
tuations compared with model predictions. Second-order

The original article can be found online at https://doi.org/10.1140/
epjc/s10052-024-13076-y.

a e-mail: maja.pawlowska@pw.edu.pl (corresponding author)

cumulant ratios of h+ − h− distribution decreases with
collision energy, whereas κ3[h+ − h−]/κ1[h+ − h−] and
κ4[h+ − h−]/κ2[h+ − h−] increase with collision energy.
The measured signal for the majority of collected energies
remains below unity. Both model predictions reproduce the
observed κ2[h+ − h−]/(κ1[h+]+ κ1[h−]) and magnitude of
κ3[h+ − h−]/κ1[h+ − h−]. Only κ4[h+ − h−]/κ2[h+ − h−]
at the two top energies is higher than unity. The Epos1.99
model reproduces this rise with interaction energy, whereas
FTFP-BERT underestimates its strength.

Secondly, Fig. 7 was also replaced so the following para-
graph in Sec. 5.3 requires an update:

Factorial cumulants are quantities that allow extracting
the correlation function of a given order (and without lower-
order terms) from the measured distribution [2,3].

The energy dependence of factorial cumulants measured
in p+p interactions is presented in Fig. 7. The Ĉ2 signal of
h+ and h− distributions slowly increases from values close
to zero to positive values at top energy. In contrast, Ĉ3 of h+
and h− and Ĉ4 of h+ decrease with interaction energy. For
h+ the magnitude of the decrease is larger for Ĉ3 than for
Ĉ4.

Both models generally describe the trends and magnitudes
of the measured factorial cumulants, except the FTFP-BERT
model, which does not describe the energy dependence of
Ĉ4.
The corrections included in the Erratum do not change the
paper’s conclusions.
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Fig. 6 Energy dependence of
intensive quantities of
net-charge distribution in p+p
interactions at

√
sNN = 6.3, 7.7,

8.8, 12.3, and 17.3 GeV in the
phase-space region as defined in
Ref. [1]. The statistical
uncertainty is indicated with a
color bar (often smaller than the
marker), and systematic
uncertainty is indicated with a
square bracket. Results are
compared with Epos1.99 (solid
line) and FTFP-BERT (dashed
line) predictions

Fig. 7 Energy dependence of
factorial cumulants of
multiplicity distributions of h+
and h− in p+p interactions at√
sNN = 6.3, 7.7, 8.8, 12.3, and

17.3 GeV in the phase-space
region as defined in Ref. [1].
The statistical uncertainty is
indicated with a color bar (often
smaller than the marker), and
systematic uncertainty is
indicated with a square bracket.
Results are compared with
Epos1.99 (solid line) and
FTFP-BERT (dashed line)
predictions

123
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Table 4 Numerical values of cumulants and cumulant ratios of h+ + h−, h+, h−, and h+ − h−
√
sNN (GeV) Quantity h+ + h− h+ h− h+ − h−

6.3 κ1 1.0222 ± 0.0027 ± 0.071 0.7242 ± 0.0020 ± 0.038 0.3027 ± 0.0012 ± 0.025 0.4270 ± 0.0022 ± 0.012

7.7 κ1 1.2381 ± 0.0015 ± 0.055 0.8365 ± 0.0011 ± 0.031 0.40468 ± 0.00070 ± 0.018 0.4325 ± 0.0012 ± 0.011

8.8 κ1 1.3913 ± 0.0010 ± 0.16 0.91188 ± 0.00063 ± 0.096 0.48169 ± 0.00043 ± 0.057 0.43230 ± 0.00068 ± 0.033

12.3 κ1 1.9373 ± 0.0017 ± 0.12 1.1922 ± 0.0010 ± 0.066 0.75133 ± 0.00077 ± 0.048 0.4493 ± 0.0010 ± 0.014

17.3 κ1 2.6839 ± 0.0025 ± 0.11 1.5781 ± 0.0014 ± 0.055 1.1348 ± 0.0011 ± 0.039 0.4758 ± 0.0011 ± 0.0061

6.3 κ2 1.1854 ± 0.0047 ± 0.042 0.6879 ± 0.0023 ± 0.014 0.2879 ± 0.0014 ± 0.023 0.7614 ± 0.0032 ± 0.030

7.7 κ2 1.5250 ± 0.0029 ± 0.033 0.8088 ± 0.0013 ± 0.016 0.39328 ± 0.00090 ± 0.013 0.8777 ± 0.0017 ± 0.024

8.8 κ2 1.7987 ± 0.0019 ± 0.19 0.89692 ± 0.00092 ± 0.070 0.47492 ± 0.00059 ± 0.053 0.9436 ± 0.0010 ± 0.056

12.3 κ2 3.0518 ± 0.0041 ± 0.15 1.2795 ± 0.0019 ± 0.049 0.8002 ± 0.0013 ± 0.046 1.1072 ± 0.0017 ± 0.037

17.3 κ2 5.4738 ± 0.0067 ± 0.15 2.0008 ± 0.0027 ± 0.065 1.3541 ± 0.0018 ± 0.025 1.2476 ± 0.0020 ± 0.041

6.3 κ3 1.391 ± 0.015 ± 0.034 0.5903 ± 0.0056 ± 0.024 0.2616 ± 0.0028 ± 0.019 0.3340 ± 0.0060 ± 0.044

7.7 κ3 1.944 ± 0.010 ± 0.071 0.7150 ± 0.0037 ± 0.026 0.3712 ± 0.0020 ± 0.010 0.3488 ± 0.0039 ± 0.033

8.8 κ3 2.4540 ± 0.0071 ± 0.19 0.8241 ± 0.0024 ± 0.021 0.4605 ± 0.0014 ± 0.040 0.3571 ± 0.0024 ± 0.018

12.3 κ3 5.173 ± 0.021 ± 0.13 1.3313 ± 0.0055 ± 0.049 0.8699 ± 0.0035 ± 0.028 0.4012 ± 0.0047 ± 0.027

17.3 κ3 11.692 ± 0.042 ± 0.85 2.480 ± 0.010 ± 0.15 1.6751 ± 0.0064 ± 0.072 0.4877 ± 0.0064 ± 0.056

6.3 κ4 1.442 ± 0.057 ± 0.041 0.351 ± 0.015 ± 0.056 0.2179 ± 0.0075 ± 0.015 0.534 ± 0.021 ± 0.052

7.7 κ4 2.217 ± 0.043 ± 0.33 0.455 ± 0.010 ± 0.067 0.3292 ± 0.0050 ± 0.019 0.675 ± 0.011 ± 0.022

8.8 κ4 3.098 ± 0.012 ± 0.10 0.5851 ± 0.0087 ± 0.082 0.4304 ± 0.0041 ± 0.018 0.8074 ± 0.0078 ± 0.022

12.3 κ4 7.62 ± 0.12 ± 0.66 1.103 ± 0.019 ± 0.094 0.930 ± 0.019 ± 0.053 1.289 ± 0.015 ± 0.054

17.3 κ4 18.51 ± 0.31 ± 4.4 2.157 ± 0.041 ± 0.43 1.941 ± 0.028 ± 0.31 1.779 ± 0.025 ± 0.13

6.3 κ2/κ1 1.1596 ± 0.0040 ± 0.041 0.9499 ± 0.0028 ± 0.036 0.9511 ± 0.0030 ± 0.0051 1.7831 ± 0.0094 ± 0.028

7.7 κ2/κ1 1.2317 ± 0.0019 ± 0.042 0.9669 ± 0.0014 ± 0.028 0.9718 ± 0.0014 ± 0.012 2.0295 ± 0.0054 ± 0.011

8.8 κ2/κ1 1.2929 ± 0.0011 ± 0.014 0.98359 ± 0.00092 ± 0.031 0.98596 ± 0.00088 ± 0.010 2.1828 ± 0.0036 ± 0.039

12.3 κ2/κ1 1.5753 ± 0.0021 ± 0.021 1.0732 ± 0.0014 ± 0.019 1.0650 ± 0.0013 ± 0.0070 2.4641 ± 0.0049 ± 0.067

17.3 κ2/κ1 2.0395 ± 0.0027 ± 0.098 1.2678 ± 0.0017 ± 0.049 1.1933 ± 0.0013 ± 0.032 2.6221 ± 0.0062 ± 0.057

6.3 κ3/κ2 1.1731 ± 0.0093 ± 0.037 0.8582 ± 0.0064 ± 0.048 0.9086 ± 0.0068 ± 0.0081 0.4387 ± 0.0075 ± 0.077

7.7 κ3/κ2 1.2748 ± 0.0048 ± 0.063 0.8841 ± 0.0035 ± 0.041 0.9438 ± 0.0034 ± 0.026 0.3973 ± 0.0043 ± 0.050

8.8 κ3/κ2 1.3643 ± 0.0029 ± 0.042 0.9189 ± 0.0020 ± 0.054 0.9696 ± 0.0020 ± 0.025 0.3785 ± 0.0026 ± 0.044

12.3 κ3/κ2 1.6952 ± 0.0051 ± 0.049 1.0405 ± 0.0032 ± 0.032 1.0871 ± 0.0031 ± 0.028 0.3624 ± 0.0042 ± 0.028

17.3 κ3/κ2 2.1360 ± 0.0061 ± 0.14 1.2396 ± 0.0039 ± 0.071 1.2371 ± 0.0036 ± 0.065 0.3909 ± 0.0051 ± 0.033

6.3 κ4/κ2 1.217 ± 0.045 ± 0.023 0.510 ± 0.024 ± 0.092 0.757 ± 0.024 ± 0.013 0.668 ± 0.022 ± 0.098

7.7 κ4/κ2 1.454 ± 0.028 ± 0.24 0.562 ± 0.013 ± 0.089 0.837 ± 0.013 ± 0.079 0.769 ± 0.013 ± 0.048

8.8 κ4/κ2 1.722 ± 0.019 ± 0.27 0.6523 ± 0.0087 ± 0.15 0.9064 ± 0.0087 ± 0.090 0.8557 ± 0.0082 ± 0.060

12.3 κ4/κ2 2.498 ± 0.040 ± 0.35 0.862 ± 0.015 ± 0.11 1.162 ± 0.015 ± 0.14 1.165 ± 0.014 ± 0.027

17.3 κ4/κ2 3.382 ± 0.058 ± 0.79 1.078 ± 0.022 ± 0.21 1.433 ± 0.020 ± 0.24 1.426 ± 0.018 ± 0.062

Table 5 Numerical values of factorial cumulants of h+ and h−
√
sNN (GeV) Quantity h+ h−

6.3 Ĉ2 −0.0363 ± 0.0021 ± 0.027 −0.01481 ± 0.00090 ± 0.0026

7.7 Ĉ2 −0.0277 ± 0.0012 ± 0.024 −0.01140 ± 0.00056 ± 0.0051

8.8 Ĉ2 −0.01496 ± 0.00084 ± 0.027 −0.00676 ± 0.00042 ± 0.0049

12.3 Ĉ2 0.0873 ± 0.0017 ± 0.018 0.0489 ± 0.0010 ± 0.0017

17.3 Ĉ2 0.4226 ± 0.0026 ± 0.060 0.2194 ± 0.0015 ± 0.027

6.3 Ĉ3 −0.0249 ± 0.0028 ± 0.020 0.00331 ± 0.00075 ± 0.0011
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Table 5 continued
√
sNN (GeV) Quantity h+ h−

7.7 Ĉ3 −0.0384 ± 0.0018 ± 0.014 0.00069 ± 0.00072 ± 0.00024

8.8 Ĉ3 −0.0429 ± 0.0013 ± 0.0031 −0.00089 ± 0.00051 ± 0.0026

12.3 Ĉ3 −0.1228 ± 0.0028 ± 0.021 −0.0280 ± 0.0017 ± 0.014

17.3 Ĉ3 −0.3658 ± 0.0056 ± 0.059 −0.1177 ± 0.0033 ± 0.030

6.3 Ĉ4 0.0304 ± 0.0048 ± 0.026 −0.00100 ± 0.00076 ± 0.0013

7.7 Ĉ4 0.0421 ± 0.0027 ± 0.018 0.00012 ± 0.00082 ± 0.00043

8.8 Ĉ4 0.0351 ± 0.0021 ± 0.0090 0.0014 ± 0.0010 ± 0.0014

12.3 Ĉ4 0.0361 ± 0.0056 ± 0.027 0.0045 ± 0.0026 ± 0.0028

17.3 Ĉ4 −0.185 ± 0.015 ± 0.074 −0.0231 ± 0.0084 ± 0.025

Table 6 Numerical values of cumulant ratio combinations which are intensive for net-charge
√
sNN (GeV) Quantity h+ − h−

6.3 κ2[h+ − h−]/(κ1[h+] + κ1[h−]) 0.7431 ± 0.0032 ± 0.017

7.7 κ2[h+ − h−]/(κ1[h+] + κ1[h−]) 0.7072 ± 0.0017 ± 0.0088

8.8 κ2[h+ − h−]/(κ1[h+] + κ1[h−]) 0.6771 ± 0.0010 ± 0.039

12.3 κ2[h+ − h−]/(κ1[h+] + κ1[h−]) 0.5697 ± 0.0017 ± 0.014

17.3 κ2[h+ − h−]/(κ1[h+] + κ1[h−]) 0.4599 ± 0.0020 ± 0.010

6.3 κ3[h+ − h−]/κ1[h+ − h−] 0.782 ± 0.017 ± 0.13

7.7 κ3[h+ − h−]/κ1[h+ − h−] 0.8064 ± 0.0085 ± 0.098

8.8 κ3[h+ − h−]/κ1[h+ − h−] 0.8264 ± 0.0058 ± 0.11

12.3 κ3[h+ − h−]/κ1[h+ − h−] 0.893 ± 0.011 ± 0.065

17.3 κ3[h+ − h−]/κ1[h+ − h−] 1.025 ± 0.012 ± 0.11
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