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Weak collision energy dependence 
observed for most central(0-40%) !"/!$.

!"/!$(0-40%) deviates from zero at a level 
of ≲ 25.

!"/!$(70-80%) >0 for all energies. 

Beam Energy Dependence of Net-Proton !"/!$

Blue bars: statistical 
Grey shaded bands: systematic uncertainties
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Beam Energy Dependence of Net-Proton !#/!*

Deviations from zero at a level of ≲ 25
observed for most central(0-40%) !#/!*.

!#/!*(70-80%) >0 for all energies. 
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TABLE VII. The right-tail p values of a chi-squared test between experimental data and various models (shown in Fig. 24) for
the energy dependence of the net-proton cumulant ratios in 0-5% central Au+Au collisions at two ranges of collision energy:p

sNN = 7.7 – 27 GeV and 7.7 – 62.4 GeV (the latter shown in the parenthesis). Those p values denote the probability
of obtaining discrepancies at least as large as the results actually observed [139]. The right-tail p values are calculated via
p = Pr(�2

n > �2), where �2

n obeys the chi-square distribution with n independent energy data points and the �2 values are
obtained in the chi-squared test.

Cumulant Ratios HRG GCE HRG CE HRG GCE+E.V. (R=0.5 fm) UrQMD
C2/C1 <0.001(<0.001) <0.001(<0.001) <0.001(<0.001) <0.001(<0.001)
C3/C2 <0.001(<0.001) 0.0754 (<0.001) <0.001(<0.001) <0.001(<0.001)
C4/C2 0.00553 (0.00174) 0.0450 (0.128) 0.0145 (0.0107) 0.0221 (0.0577)
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FIG. 25. (Color online) Collision energy dependence of the scaled (anti)proton cumulants and correlation functions in 0-5%
central Au+Au collisions at

p
sNN = 7.7, 11.5, 14.5, 19.6, 27, 39, 54.4, 62.4 and 200 GeV. The error bars and bands represent the

statistical and systematic uncertainties, respectively. The results from UrQMD model calculation are also shown for comparison.

HRG, has presented a consistent suppression in all three
panels. In this approach, the baryon number conserva-
tion is the main source of the suppression [140, 141].
It is interesting to point out that GCE models incor-
porating excluded volume e↵ects (GCE E.V.) can also
reproduce the suppression. The larger the repulsive vol-
ume, the stronger the suppression. Since the repulsive
volume reflects the ‘baryon density’, the observed sup-
pression GCE E.V. is due to the local density. For de-
tails, see Refs. [127, 142, 143]. To quantify the level
of agreement between the experimental measurements
and the model calculations, the widely used �2 test
has been applied for two energy ranges (

p
sNN = 7.7

– 27 and 7.7 – 62.4 GeV). The �2 value is calculated

as �2(R) =
P

p
sNN

|Rdata�Rmodel|2
error2

, where R denotes the

cumulant ratios (C2/C1, C3/C2, C4/C2) and the ‘er-
ror’ represents the statistical and systematic uncertain-
ties of the data and the statistical uncertainties of the
model added in quadrature. In addition, the obtained �2

value can be converted to the corresponding right-tail p-
value, which is the probability of obtaining discrepancies
at least as large as the results actually observed [139].
The resulting right tail p-values listed in Table VII are
calculated via p = Pr(�2

n > �2), where �2
n obeys the

chi-square distribution with n independent energy data
points and the �2 values are obtained in the chi-squared
test. Usually, for the right tail p-value test, p < 0.05 is
the commonly used standard to reject the null hypoth-
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