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We report the triton (t) production in Au+Au collisions at
√

sNN = 7.7 – 200 GeV measured at mid-rapidity
(|y| < 0.5) by the STAR experiment from the first phase of the beam energy scan at the Relativistic Heavy
Ion Collider (RHIC). The nuclear compound yield ratio (Nt ×Np/N2

d), which is predicted to be sensitive to
the local density fluctuation of neutrons, monotonically decreases with increasing charged-particle multiplicity
(dNch/dη) and exhibits a scaling behavior. The multiplicity dependence of the yield ratios are compared with
calculations from coalescence and thermal models. Relative to the coalescence baseline, enhancements of the
yield ratios are observed in the 0%-10% most central collisions at 19.6 and 27 GeV with a significance of 2.3σ

and 3.4σ, respectively, with a combined significance of 4.1σ. The measured significance of these enhancements
decreases with smaller pT acceptance. The enhancements are not observed in peripheral collisions and model
calculations without critical fluctuation. Important implications on the QCD phase structure and the production
mechanism of light nuclei in heavy-ion collisions are discussed.

Quantum Chromodynamics (QCD) is the fundamental the-
ory of the strong interaction. One of the main goals of the
Relativistic Heavy Ion Collider (RHIC) is to explore the QCD
phase structure [1, 2]. At high temperature and vanishing
baryon chemical potential (µB = 0 MeV), Lattice QCD cal-
culations demonstrate that the transition between hadronic
matter and the Quark-Gluon Plasma (QGP) is a smooth
crossover [3] and the transition temperature is about Tc = 156
MeV [4]. QCD-based model calculations suggest there is a
first-order phase transition at large baryon chemical poten-
tial [5–8]. If theory postulations are correct, the first-order
phase transition line should end at a critical point (CP) [9–
11] toward the crossover region. A fundamental question is
whether we can experimentally find the CP and pin down its
location in the QCD phase diagram. The experimental con-
firmation of this landmark would be a milestone of exploring
the QCD phase structure at finite baryon density [12–17].

Light nuclei, such as deuteron (d), triton (t), helium-3
(3He), are loosely bound objects with binding energies of sev-
eral MeV. Over the past half-century, the light nuclei produc-
tion in heavy-ion collisions has been extensively studied both
experimentally [18–28] and theoretically [29–43]. Two dif-
ferent mechanisms have been proposed to explain the gen-
eration of light nuclei at mid-rapidity, namely thermal pro-
duction [44, 45] and nucleon coalescence [29, 32, 46]. Due
to small binding energy, it is puzzling how light nuclei sur-
vive in the hot medium created in relativistic heavy-ion colli-
sions implied by the success of the thermal model [47, 48].
By including hadronic effects in the Saha equation [36] or
rate equation [49], model calculations demonstrate that the
deuteron, triton and helium-3 yields remain unchanged dur-
ing the hadronic expansion. A similar conclusion is obtained
in a transport simulation of hadronic re-scattering processes
realized by the dissociation and regeneration of deuterons via
the reaction πNN ↔ πd [35]. However, a recent calculation
using the kinetic approach [50] demonstrates that the effects
of hadronic re-scatterings during hadronic expansion also do
not change the deuteron yield, but will reduce the triton and
helium-3 yields by about a factor of 1.8 from their initial val-
ues given by thermal model. Therefore, systematic measure-
ments of the triton and/or helium-3 yields over a broad energy
range are important to clarify and understand the dynamics of

light nuclei production in heavy-ion collisions.

In the coalescence production, light nuclei are not treated
as point-like particles, but exhibit a finite size [29], and are
formed via protons and neutrons that already passed kinetic
freeze-out. When the radii of light nuclei are comparable
to the size of the nucleon emission source in heavy-ion col-
lisions, the yield of light nuclei will be significantly sup-
pressed [29, 51, 52]. Recently, the compound yield ratio
Nt×Np/N2

d of triton (Nt ), deuteron (Nd), and proton (Np), was
predicted to be sensitive to the neutron density fluctuations in
heavy-ion collisions. It is proposed as a sensitive observable
to search for the signature of the CP and/or first-order phase
transition [53–60], and is expected to show non-monotonic
behavior as a function of collision energy. Due to the size ef-
fect in the coalescence production of light nuclei [51, 52], the
yield ratio Nt×Np/N2

d monotonically increases with decreas-
ing system size whereas a decrease with decreasing system
size is predicted by the canonical thermal model [61]. Thus,
this yield ratio can also serve as a powerful tool to distinguish
different production mechanisms of light nuclei in heavy-ion
collisions.

In this letter, we report triton production at mid-rapidity
(|y| < 0.5) in Au+Au collisions at

√
sNN = 7.7, 11.5, 14.5,

19.6, 27, 39, 54.4, 62.4, and 200 GeV measured by the STAR
experiment from the first phase of the Beam Energy Scan
(BES-I, 2010-2017) program at RHIC [62]. The results pre-
sented are analyzed from minimum bias events of Au+Au col-
lisions, occurring within +/-30 cm for 200 GeV and +/-40 cm
for other energies of the nominal interaction point along the
beam axis. Collision centralities are determined by fitting the
measured charged particle multiplicities within pseudorapid-
ity |η| < 0.5 with a Monte Carlo Glauber model [70]. The
selected tracks are required to have a distance of closest ap-
proach (DCA) to the primary collision vertex of less than 1 cm
and have at least 20 hit points measured in the Time Projection
Chamber (TPC). The tritons are identified with the ionization
energy loss, dE/dx, in the TPC [64] and with information
from the Time-Of-Flight (TOF) detector [65]. To obtain the
final triton pT spectra, several corrections are applied on the
raw pT spectra. These corrections include the pT dependent
tracking efficiency, the low momentum energy loss correc-
tion, and the absorption correction due to the deficiency in the
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FIG. 1. Transverse momentum (pT ) spectra for mid-rapidity (|y|< 0.5) tritons from 0%-10%, 10%-20%, 20%-40%, and 40%-80% centralities
in Au+Au collisions at

√
sNN = 7.7, 11.5, 14.5, 19.6, 27, 39, 54.4, 62.4, and 200 GeV. Dashed-lines are the corresponding Blast-Wave fits with

the profile parameter n = 1. The statistical and systematic uncertainties are shown as vertical lines and boxes, respectively.

simulations, which were determined using embedding simula-
tions [26, 66]. Because the TOF detector is used to identify tri-
tons at high pT , we also need to correct for the TOF matching
efficiency, defined as the ratio of the number of tracks matched
in the TOF to the number of total tracks in the TPC within the
same acceptance. The point-to-point systematic uncertainties
on the spectra are estimated by varying track selection, anal-
ysis cuts and by assessing the sample purity from the dE/dx
measurement. Track selection and particle identification con-
tribute by ∼3% and signal extraction contributes by less than
∼2% at low pT and increasing to ∼10% at high pT due to the
reduced resolution of the TPC. A correlated systematic un-
certainty of 5% is estimated for all spectra and is dominated
by uncertainties in the Monte Carlo determination of recon-
struction efficiencies. All of these uncertainties are added in
quadrature to obtain the final systematic uncertainties.

Figure 5 shows the pT spectra of identified tritons measured
at mid-rapidity (|y|< 0.5) in Au+Au collisions at

√
sNN = 7.7,

11.5, 14.5, 19.6, 27, 39, 54.4, 62.4, and 200 GeV for 0%-
10%, 10%-20%, 20%-40%, and 40%-80% centralities. The
pT -integrated particle yields (dN/dy) are calculated from the
measured pT range and extrapolated to the unmeasured re-
gions with individual Blast-Wave model fits [67]. The extrap-
olation is an additional source of systematic uncertainty on
dN/dy. This is estimated by comparing the extrapolation by
different fit functions to the pT spectra. The contribution to
the yields from extrapolation is about 5%-20%, which is from
the low pT range. All of the mid-rapidity proton pT spectra
and dN/dy in Au+Au collisions at RHIC energies presented
in this paper have been corrected for the weak decay feed-
down via a data driven approach [68], which uses the inclu-
sive proton spectra [69, 70] and the yields of strange hadrons
measured by the STAR experiment [71] (See Supplemental
note). In a previously published STAR paper [72], the proton
feed-down correction was done by using a UrQMD + GEANT
simulation, which underestimates the proton feed-down con-
tributions from weak decays.

Figure 2 shows the energy dependence of dN/dy ra-
tios, Nd/Np [26] and Nt/Np, in the mid-rapidity of central
heavy-ion collisions from different experiments, including the
FOPI [73], E864 [20], PHENIX [74, 75], and ALICE [27] ex-
periments. Both the Nt/Np and Nd/Np ratios increase mono-
tonically with decreasing collision energy and the differences
between the ratios get smaller at lower collision energies. The
solid lines represent the results calculated from the thermal
model which does not include excited nuclei [76], in which
the parametrization of chemical freeze-out temperature and
µB from Ref. [77, 78] are used. Quantitatively, the thermal
model describes the Nd/Np ratios well, but it systematically
overestimates the Nt/Np ratios except for the results from cen-
tral Pb+Pb collisions at

√
sNN = 2.76 TeV [27]. On the other

hand, coalescence model can also describe energy dependence
trends [52] and the production of light nuclei at mid-rapidity
strongly depends on the baryon density ρB as NA/Np ∝ ρ

A−1
B .

As mentioned earlier, the yield ratio Nt ×Np/N2
d is pre-

dicted to be sensitive to the local baryon density fluctuations
and can be used to probe the QCD phase structure. Figure 3
shows the charged-particle multiplicity dNch/dη (|η| < 0.5)
dependence of the yield ratio Nt ×Np/N2

d in Au+Au colli-
sions at

√
sNN = 7.7 - 200 GeV. The data from each col-

lision energy presented in the figure include four centrality
bins: 0%-10%, 10%-20%, 20%-40%, and 40%-80%, in addi-
tion, a single 0%-20% centrality bin is also presented for 54.4
GeV. It is observed that the yield ratio Nt ×Np/N2

d shows a
decreasing trend with increasing charged-particle multiplic-
ity dNch/dη and exhibits a scaling behavior. The shaded
bands in Fig. 3 are the corresponding results from the calcula-
tions of hadronic transport AMPT and MUSIC+UrQMD hy-
brid models [52]. MUSIC is a (3+1)D viscous hydrodynam-
ics model [79, 80], which conserves both energy-momentum
and baryon number and is used to describe the dynamical
evolution of the QGP. To provide a reliable baseline, nei-
ther critical point nor first-order phase transition is included
in the AMPT and MUSIC+UrQMD hybrid model calcula-
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FIG. 2. Collision energy dependence of the mid-rapidity ratios
Nd/Np (blue solid squares) and Nt/Np (red solid circles) from the
top 0%-10% central Au+Au collisions. Statistical and systematic un-
certainties are shown as vertical lines and brackets, respectively. For
comparison, results from FOPI [73], E864 [20], PHENIX [74, 75],
and ALICE [27] are also shown. The lines are results from the ther-
mal model using chemical freeze-out conditions from Ref. [77, 78]

tions. These two models are employed to generate the nu-
cleon phase space at kinetic freeze-out, when light nuclei are
formed via nucleon coalescence. It is found that the overall
trend of the experimental data is well described by the model
calculations. The light blue dashed line is the result calcu-
lated from the thermal model at chemical freeze-out [77, 78]
for central Au+Au collisions, which overestimates the exper-
imental data by more than a factor of two at dNch/dη ∼ 600.
As discussed in Ref. [50], this overestimation could be due to
the effects of hadronic re-scatterings during hadronic expan-
sion, which reduce the triton and helium-3 yields by about a
factor of 1.8 from their initial values given by thermal model.
However, this cannot explain the agreement between the ther-
mal model calculations and the N3He×Np/N2

d ratio from cen-
tral Pb+Pb collisions at

√
sNN = 2.76 TeV where dNch/dη

∼ 1100 [27, 37]. Obviously, further investigations are needed
to understand the discrepancy.

The black dot-dashed line is a fit to the data based on the co-
alescence model. As discussed in Ref. [52], assuming a ther-
mal equilibrated and static spherical Gaussian nucleon source,
one can obtain the fit function as:

Nt ×Np

N2
d

= p0×

(
R2 + 2

3 r2
d

R2 + 1
2 r2

t

)3

, (1)

where R = p1×(dNch/dη)1/3 denotes the radius of the spher-
ical nucleon emission source. rd = 1.96 fm and rt = 1.59 fm
are the nucleonic point root-mean-square radius of deuteron
and triton [81], respectively. p0 and p1 are the two fitting pa-
rameters where the best fit values are 0.37 ± 0.008 and 0.75
± 0.04, respectively. At small values of dNch/dη, when the
system size is comparable to the size of light nuclei, the yield
ratio shows a rapid increase with decreasing dNch/dη, while
it saturates at large charged-particle multiplicity. The gen-
eral trend of the yield ratio Nt ×Np/N2

d is driven by the in-
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FIG. 3. The yield ratio Nt×Np/N2
d as a function of charged-particle

multiplicity dNch/dη (|η|< 0.5) in Au+Au collisions at
√

sNN = 7.7
– 200 GeV for 0%-10%, 10%-20%, 20%-40%, and 40%-80% cen-
tralities. Statistical and systematic uncertainties are shown as vertical
lines and brackets, respectively. The black dot-dashed line denotes
the coalescence-inspired fit. The open diamond denotes the yield ra-
tio of 0%-20% central Au+Au collisions at

√
sNN = 54.4 GeV. The

red shaded vertical band on the right side of the figure represents
the multiplicity independent systematic uncertainties on these ratios.
The significance of the deviation relative to the fit is shown in the
lower panel. The results calculated from thermal model are shown
as the blue long-dashed line. Calculations from AMPT and MU-
SIC+UrQMD hybrid models [51, 52] are shown as shaded bands.

terplay between the finite size of light nuclei and the overall
size of the fireball created in heavy-ion collisions. This pro-
vides strong evidence that nucleon coalescence is the correct
formation mechanism to describe the light nuclei production
in such collisions. If we use the coalescence-inspired fit as the
baseline, the lower panel of the Fig. 3 shows that most of the
measurements are within significance of 2σ from the coales-
cence baseline, except there are enhancements observed for
the yield ratios in the 0%-10% most central Au+Au collisions
at
√

sNN = 19.6 and 27 GeV with significance of 2.3σ and
3.4σ, respectively, and for a combined significance of 4.1σ,
as shown in the lower panel of Fig. 3. The yield ratio of 0%-
20% central Au+Au collisions at 54.4 GeV is also shown in
Fig. 3 as an open diamond. It agrees with the coalescence
baseline at the same value of dNch/dη as those data points
from central collisions at

√
sNN = 19.6 and 27 GeV. There-

fore, the observed enhancement may be driven by the baryon
density rather than the overall size of the system which is pro-
portional to the charged-particle density dNch/dη. However,
whether the enhancements are due to critical behavior requires
further dynamical modeling of heavy-ion collisions with a re-
alistic equation of state.

Figure 4 shows the energy dependence of the yield ratio
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FIG. 4. Collision energy, centrality, and pT dependence of the yield ratio Nt ×Np/N2
d in Au+Au collisions at RHIC. Solid circles are the

results from 0%-10% central (left panel) and 40%-80% peripheral (right panel) collisions. Colored-bands in panel (a) denote pT acceptance de-
pendence, for which the statistical and systematic uncertainties are added in quadrature. Red solid circles are the final results with extrapolation
to the full pT range. Statistical and systematic uncertainties are shown as bars and brackets, respectively. Red vertical bands on the right side
of panels represent the common systematic uncertainties. Dashed lines are the coalescence baselines obtained from the coalescence-inspired
fit. Shaded areas denote the calculations from hadronic transport AMPT and MUSIC+UrQMD hybrid models [52].

Nt ×Np/N2
d at mid-rapidity in central (0%-10%) and periph-

eral (40%-80%) Au+Au collisions at
√

sNN = 7.7 - 200 GeV.
For comparison, the coalescence baselines obtained by fitting
the dNch/dη dependence of the yield ratio as shown in Fig. 3
and the calculations of AMPT, MUSIC+UrQMD hybrid mod-
els are displayed in Fig. 4. For the 0%-10% most central
Au+Au collisions, the yield ratios are consistent with the co-
alescence baseline and model calculations, except for the en-
hancements of the yield ratios to coalescence baseline with a
significance of 2.3σ and 3.4σ observed at

√
sNN = 19.6 and 27

GeV, respectively. The colored-bands in panel (a) denote the
yield ratios, in which the proton, deuteron, and triton yields
are obtained from the commonly measured pT/A range with-
out any extrapolation. The enhancements and the significance
of the measurements decrease with smaller pT acceptance in
the region of interest. The combined (19.6 and 27 GeV) sig-
nificance of enhancements to the corresponding coalescence
baselines for 0.5 ≤ pT/A ≤ 1.0 GeV/c, 0.4 ≤ pT/A ≤ 1.2
GeV/c, and the full pT/A range are 1.6σ, 2.5σ, and 4.1σ,
respectively. In the model calculations, the physics of the
critical point or first-order phase transition are not included.
Therefore, the non-monotonic behavior observed in the en-
ergy dependence of the yield ratio Nt×Np/N2

d from 0%-10%
central Au+Au collisions may be due to the enhanced baryon
density fluctuations induced by the critical point or first-order
phase transition in heavy-ion collisions. The right panel of
Fig. 4 shows the energy dependence of the yield ratio in pe-
ripheral (40%-80%) Au+Au collisions. Within uncertainties,
the experimental data can be well described by the coales-
cence baseline (black-dashed line) whereas the calculations
from AMPT and MUSIC+UrQMD hybrid models overesti-
mate the data.

In summary, we present the measurement of triton produc-

tion and the compound yield ratio Nt×Np/N2
d in Au+Au col-

lisions at
√

sNN = 7.7 – 200 GeV measured by the STAR ex-
periment at RHIC. The yield ratio monotonically decreases
with increasing charged-particle multiplicity (dNch/dη) and
exhibits a scaling behavior, which is explained by the forma-
tion of deuteron and triton via nucleon coalescence. On the
other hand, the thermal model overestimates the triton over
proton yield ratio Nt/Np and the Nt ×Np/N2

d ratio at RHIC
energies. This overestimation could indicate that the effects
of hadronic re-scatterings during hadronic expansion play im-
portant role for light nuclei production in heavy-ion collisions.
In the 0%-10% most central Au+Au collisions at

√
sNN =

19.6 and 27 GeV, the yield ratio shows enhancements relative
to the coalescence baseline with a significance of 2.3σ and
3.4σ, respectively, and a combined significance of 4.1σ. The
significance of the measurement decreases with reduced pT
range. This suggests that the possible enhancement may have
a strong dependence on the pT acceptance. In peripheral col-
lisions, similar to data, model calculations have a smooth de-
creasing trend as a function of energy. Further detailed calcu-
lations from dynamical modeling of heavy-ion collisions with
a realistic equation of state are required to determine whether
the enhancements are due to large baryon density fluctuations
induced by critical point. The systematic measurements of
light nuclei yields and their ratios over a broad energy range
provide important insights into the production dynamics of
light nuclei and our understanding of the QCD phase diagram.
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I. SUPPLEMENTAL MATERIAL

A. Supplement to Beam Energy Dependence of Triton
Production and Yield Ratio (Nt ×Np/N2

d) in Au+Au Collisions
at RHIC

In heavy-ion collisions, one of the main production sources
of the (anti)protons is the weak decay of strange baryons and
their anti-particles, such as Λ, Σ+, Ξ0, Ξ−, Ω−. The corre-
sponding decay channels and branching ratios are [1]

Λ −→ p + π−, branching ratio = 63.9%
Σ+ −→ p + π0, branching ratio = 51.57%
Ξ− −→ Λ + π−, branching ratio = 99.887%
Ξ0 −→ Λ + π0, branching ratio = 99.524%
Ω− −→ Λ + K−, branching ratio = 67.8%

Usually, the primordial yields of (anti)protons are more
commonly used to study the properties of the hot dense
medium created in heavy-ion collisions. Therefore, those
(anti)protons from the weak decay contributions need to be
subtracted from their inclusive yields.
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n 
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tio

n

STAR Au+Au Collisions

Au+Au, proton, 0-10%
Au+Au, anti-proton, 0-10%
MUSIC(hydro) + UrQMD, proton
MUSIC(hydro) + UrQMD, anti-proton

50FIG. 5. The energy dependence of the weak decay feed-down frac-
tion of proton yields at mid-rapidity estimated from the data-driven
method. The black-filled circles and the black-open circles are the
results of protons and antiprotons, respectively. The black-shaded
bands are the corresponding calculation from the MUSIC+UrQMD
hybrid model [2].

The STAR experiment has published the inclusive yields of
protons and antiprotons at mid-rapidity in Au+Au collisions
at
√

sNN = 7.7 - 200 GeV [3–7]. In STAR, the subtractions
are not done on an event-by-event basis, but by subtracting
the decayed (anti)protons pT spectra from the spectra of in-
clusive (anti)protons. To simulate the decay kinematics of
strange baryons within real detector acceptance, the so-called
Monte Carlo (MC) embedding technique is used. The MC
strange baryons with flat pT are embedded into the real data
and go through a realistic GEANT detector simulation. Then,
the MC strange baryons are decayed into (anti)protons based
on the branching ratios. Finally, the pT spectra of decayed
(anti)protons are weighted by a factor, which is the ratio of
the measured pT spectra of strange baryons over the embed-
ded ones. Experimentally, the pT spectra and yields of Λ, Ξ−

and Ω− in Au+Au collisions measured at RHIC BES-I ener-
gies have been reported in Ref. [8, 9]. As the π0 and their
decay daughters are difficult to detect at mid-rapidity in the
STAR experiment, the Ξ0 and Σ+ are not measured. How-
ever, we assume that the Ξ0 and Ξ− have the same pT spectra
due to the similar mass and lifetime. In addition, based on
the Σ+/Λ ratio from thermal model, the pT spectra of Σ+ are
obtained by multiplying the pT spectra of Λ by a factor of
0.27, which is pT and centrality independent. To account for
the uncertainty from this assumption, a 20% relative error is
added to the Σ+ spectra. In Fig 5, we show the energy depen-
dence of the weak decay fraction for protons and antiprotons
in 0-10% central Au+Au collisions. The black-filled circles
and the black-open circles are the results of protons and an-
tiprotons, respectively. The weak decay feed-down fraction
of protons decreases monotonically with decreasing collision
energy whereas the results of antiproton show the opposite
trend. The results calculated from the MUSIC+UrQMD hy-

http://arxiv.org/abs/2205.11010
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brid model [2] are plotted as black-shaded bands in Fig. 5.
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FIG. 6. The energy dependence of the primordial proton yields
at mid-rapidity estimated from the data-driven method (red filled
squares) and UrQMD+GEANT (open squares). The black filled cir-
cles are inclusive protons. The ratio of the data-drive method to
UrQMD+GEANT method is shown in the inner panel.

It is worth pointing out that before the measurement of the
strange particles, STAR has performed the weak decay feed-
down corrections for protons based on UrQMD + GEANT
simulation [10]. Compared with the results from the data
driven method mentioned above, we find that the weak de-
cay fractions evaluated from UrQMD+Geant simulation are
underestimating the mid-rapidity primordial proton dN/dy as
shown in Fig. 6. This is mainly caused by the incorrect spec-
tra and yields of strange baryons from UrQMD. In the ap-
pendix, we have tabulated the data of primordial (anti)protons
pT spectra in Au+Au collisions at

√
sNN = 7.7 - 200 GeV

from the data-driven method.
Another addition to the supplementary material to the arti-

cle is information related to the light nuclei yield ratio. Since
the ALICE collaboration has published the proton and light
nuclei yield in p+p collisions at 7.0 TeV [11–13], p+Pb col-
lisions at 5.02 TeV [14, 15] and Pb+Pb collisions at 2.76
GeV [16, 17], we calculated the corresponding light nuclei
yield ratio based on these published data. The calculation re-
sults of the Thermal-FIST model also added the light nuclei
ratio at µB = 0 MeV for different temperature [19]. As we can
see from the Fig. 7, it seems that ALICE measurements are
closer to the thermal model, while STAR results can be better
described using coalescence model.
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FIG. 7. The yield ratio (Nt ×Np/N2
d) as a function of charge par-

ticle multiplicity dNch/dη in Au + Au collisions at
√

sNN = 7.7 -
200 GeV from STAR by solid symbols. The open diamond denotes
the yield ratio of 0%-20% central Au+Au collisions at

√
sNN = 54.4

GeV. Statistical and systematic uncertainties are shown as vertical
lines and brackets, respectively. The black dot-dashed line denotes
the coalescence-inspired fit. The red shaded vertical band on the right
side of the figure represents the multiplicity independence system-
atic uncertainties on these ratios from STAR measurements. From
ALICE results: The open square is from p+p 7 TeV [11–13], the
open triangle is from p+Pb 5.02 TeV [14, 15], and the open circle is
from Pb+Pb 2.76 TeV [16, 17]. Statistical error and systematic error
are combined shown as vertical lines. The results from a Thermal-
FIST model with µB = 0 MeV at different temperature are shown
as the blue dotted lines. Calculations from AMPT [18] and MU-
SIC+UrQMD hybrid [2] models are shown as shaded blue and green
bands, respectively.
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Appendix A: Invariant transverse momentum (pT ) spectra of primordial protons in Au+Au collisions at√sNN = 7.7 - 200 GeV.

TABLE I. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions at

√
sNN = 7.7 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 11.86 ±0.12 ±1.95 8.53 ±6.70e-02±1.34 5.49 ±5.24e-02 ±0.81
0.45 0.50 11.15 ±0.11 ±1.41 8.14 ±6.32e-02±0.97 5.11 ±4.82e-02 ±0.58
0.50 0.55 10.45 ±0.10 ±1.12 7.66 ±6.01e-02±0.78 4.72 ±4.51e-02 ±0.45
0.55 0.60 9.80 ±9.56e-02 ±0.94 7.22 ±5.64e-02±0.67 4.29 ±4.14e-02 ±0.38
0.60 0.65 9.02 ±8.90e-02 ±0.82 6.68 ±5.15e-02±0.59 3.89 ±3.76e-02 ±0.33
0.65 0.70 8.40 ±8.19e-02 ±0.74 6.05 ±4.83e-02±0.52 3.46 ±3.42e-02 ±0.29
0.70 0.75 7.75 ±7.52e-02 ±0.66 5.52 ±4.33e-02±0.46 3.09 ±3.11e-02 ±0.25
0.75 0.80 7.10 ±6.90e-02 ±0.59 5.01 ±3.91e-02±0.41 2.78 ±2.83e-02 ±0.22
0.80 0.85 6.45 ±6.33e-02 ±0.53 4.50 ±3.58e-02±0.36 2.45 ±2.54e-02 ±0.19
0.85 0.90 5.86 ±5.77e-02 ±0.48 4.02 ±3.13e-02±0.32 2.15 ±2.28e-02 ±0.17
0.90 0.95 5.23 ±5.17e-02 ±0.42 3.56 ±2.78e-02±0.28 1.91 ±2.05e-02 ±0.15
0.95 1.0 4.67 ±4.70e-02 ±0.37 3.13 ±2.46e-02±0.25 1.64 ±1.82e-02 ±0.13
1.0 1.10 3.83 ±4.19e-02 ±0.30 2.50 ±2.49e-02±0.20 1.31 ±1.57e-02 ±0.10
1.10 1.20 2.93 ±3.29e-02 ±0.23 1.89 ±1.89e-02±0.15 0.97 ±1.22e-02 ±7.40e-02
1.20 1.30 2.24 ±2.59e-02 ±0.18 1.38 ±1.38e-02±0.11 0.71 ±9.36e-03 ±5.44e-02
1.30 1.40 1.66 ±2.02e-02 ±0.13 0.99 ±1.02e-02±8.01e-02 0.50 ±7.21e-03 ±3.98e-02
1.40 1.50 1.18 ±1.57e-02 ±0.10 0.70 ±7.35e-03±6.05e-02 0.35 ±5.55e-03 ±2.99e-02
1.50 1.60 0.84 ±1.22e-02 ±8.22e-02 0.50 ±5.46e-03±4.88e-02 0.25±4.33e-03 ±2.40e-02
1.60 1.70 0.59 ±9.63e-03 ±7.09e-02 0.34 ±4.0e-03±4.08e-02 0.17 ±3.35e-03 ±1.98e-02
1.70 1.80 0.41 ±7.56e-03 ±4.84e-02 0.22 ±2.93e-03±2.67e-02 0.11±2.62e-03 ±1.32e-02
1.80 1.90 0.28 ±6.00e-03 ±3.29e-02 0.15 ±2.18e-03±1.79e-02 7.69e-02±2.05e-03 ±8.93e-03
1.90 2.0 0.19 ±4.78e-03 ±2.23e-02 9.61e-02 ±1.62e-03±1.14e-02 5.01e-02±1.59e-03 ±5.79e-03

TABLE II. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN =

7.7 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 2.57 ±3.48e-02 ±0.36 0.40 0.45 0.87 ±1.79e-02 ±0.12
0.45 0.50 2.29 ±3.17e-02 ±0.25 0.45 0.50 0.75 ±1.60e-02 ±7.56e-02
0.50 0.55 2.04 ±2.84e-02 ±0.19 0.50 0.55 0.63 ±1.44e-02 ±5.44e-02
0.55 0.60 1.78 ±2.56e-02 ±0.15 0.55 0.60 0.54 ±1.33e-02 ±4.25e-02
0.60 0.65 1.58 ±2.31e-02 ±0.13 0.60 0.70 0.41 ±1.0e-02 ±3.04e-02
0.65 0.70 1.36 ±2.05e-02 ±0.11 0.70 0.80 0.29 ±7.72e-03 ±2.09e-02
0.70 0.75 1.18 ±1.85e-02 ±9.14e-02 0.80 0.90 0.20 ±6.02e-03 ±1.45e-02
0.75 0.80 1.03 ±1.65e-02 ±7.90e-02 0.90 1.0 0.14 ±4.67e-03 ±9.91e-03
0.80 0.85 0.89 ±1.47e-02 ±6.77e-02 1.0 1.10 9.46e-02 ±3.65e-03 ±6.71e-03
0.85 0.90 0.77 ±1.29e-02 ±5.77e-02 1.10 1.20 6.32e-02 ±2.89e-03 ±4.48e-03
0.90 0.95 0.65 ±1.15e-02 ±4.88e-02 1.20 1.30 4.35e-02 ±2.25e-03 ±3.10e-03
0.95 1.0 0.57 ±1.03e-02 ±4.20e-02 1.30 1.40 2.68e-02 ±1.77e-03 ±1.99e-03
1.0 1.10 0.43 ±8.30e-03 ±3.15e-02 1.40 1.50 1.63e-02 ±1.33e-03 ±1.32e-03
1.10 1.20 0.31 ±6.36e-03 ±2.27e-02 1.50 1.60 1.02e-02 ±1.04e-03 ±9.61e-04
1.20 1.30 0.22 ±4.92e-03 ±1.61e-02 1.60 1.70 6.85e-03 ±7.85e-04± 7.89e-04
1.30 1.40 0.15 ±3.73e-03 ±1.12e-02 1.70 1.80 3.96e-03 ±5.73e-04± 4.91e-04
1.40 1.50 0.10 ±2.90e-03 ±8.27e-03 1.80 1.90 3.16e-03 ±5.21e-04± 3.91e-04
1.50 1.60 6.61e-02 ±2.23e-03 ±6.24e-03 1.90 2.0 1.74e-03 ±5.59e-04± 2.75e-04
1.60 1.70 4.40e-02 ±1.73e-03 ±5.11e-03
1.70 1.80 2.84e-02 ±1.33e-03 ±3.29e-03
1.80 1.90 1.71e-02 ±1.0e-03 ±1.99e-03
1.90 2.0 1.12e-02 ±7.98e-04 ±1.30e-03
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TABLE III. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions at

√
sNN = 11.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 9.0 ±7.12e-02 ±1.63 6.16 ±4.14e-02 ±1.20 3.92 ±3.35e-02 ±0.70
0.45 0.50 8.57 ±6.65e-02 ±1.25 5.81 ±3.96e-02 ±0.85 3.58 ±3.06e-02 ±0.52
0.50 0.55 8.10 ±6.19e-02 ±1.05 5.45 ±3.75e-02 ±0.71 3.27 ±2.83e-02 ±0.42
0.55 0.60 7.65 ±5.79e-02 ±0.92 5.07 ±3.47e-02 ±0.62 2.99 ±2.61e-02 ±0.36
0.60 0.65 7.10 ±5.35e-02 ±0.83 4.70 ±3.23e-02 ±0.55 2.68 ±2.39e-02 ±0.32
0.65 0.70 6.58 ±4.95e-02 ±0.75 4.28 ±2.95e-02 ±0.49 2.42 ±2.19e-02 ±0.28
0.70 0.75 6.02 ±4.57e-02 ±0.67 3.93 ±2.69e-02 ±0.44 2.16 ±1.96e-02 ±0.25
0.75 0.80 5.53 ±4.18e-02 ±0.61 3.54 ±2.46e-02 ±0.40 1.94 ±1.80e-02 ±0.22
0.80 0.85 5.02 ±3.80e-02 ±0.55 3.22 ±2.22e-02 ±0.35 1.71 ±1.62e-02 ±0.19
0.85 0.90 4.51 ±3.48e-02 ±0.48 2.87 ±1.98e-02 ±0.31 1.51 ±1.44e-02 ±0.17
0.90 0.95 4.07 ±3.17e-02 ±0.43 2.57 ±1.77e-02 ±0.28 1.34 ±1.29e-02 ±0.15
0.95 1.0 3.64 ±2.86e-02 ±0.38 2.27 ±1.56e-02 ±0.24 1.17 ±1.16e-02 ±0.13
1.0 1.10 2.89 ±2.58e-02 ±0.31 1.81 ±1.63e-02 ±0.19 0.93 ±1.05e-02 ±0.10
1.10 1.20 2.20 ±2.05e-02 ±0.23 1.38 ±1.25e-02 ±0.15 0.70 ±8.18e-03 ±7.44e-02
1.20 1.30 1.66 ±1.61e-02 ±0.17 1.03 ±9.53e-03 ±0.11 0.52 ±6.31e-03 ±5.47e-02
1.30 1.40 1.22 ±1.26e-02 ±0.13 0.75 ±7.08e-03 ±8.04e-02 0.38 ±4.86e-03 ±4.03e-02
1.40 1.50 0.87 ±9.80e-03 ±9.77e-02 0.55 ±5.26e-03 ±6.12e-02 0.27 ±3.75e-03 ±3.01e-02
1.50 1.60 0.63 ±7.71e-03 ±7.66e-02 0.39 ±3.92e-03 ±4.75e-02 0.19 ±2.91e-03 ±2.32e-02
1.60 1.70 0.43 ±5.98e-03 ±6.23e-02 0.27 ±2.90e-03 ±3.92e-02 0.13 ±2.27e-03 ±1.88e-02
1.70 1.80 0.30 ±4.67e-03 ±4.29e-02 0.19 ±2.18e-03 ±2.69e-02 9.23e-02 ±1.79e-03 ±1.29e-02
1.80 1.90 0.21 ±3.68e-03 ±2.94e-02 0.13 ±1.65e-03 ±1.85e-02 6.27e-02 ±1.40e-03 ±8.66e-03
1.90 2.0 0.14 ±2.93e-03 ±2.0e-02 9.02e-02 ±1.26e-03 ±1.25e-02 4.53e-02 ±1.13e-03 ±6.14e-03

TABLE IV. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN =

11.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 1.79 ±2.10e-02±0.30 0.55±1.12e-02 ±9.46e-02
0.45 0.50 1.61 ±1.92e-02±0.22 0.48±9.98e-03 ±6.64e-02
0.50 0.55 1.43 ±1.79e-02±0.18 0.42±9.05e-03 ±5.14e-02
0.55 0.60 1.26 ±1.64e-02±0.15 0.35±8.02e-03 ±4.14e-02
0.60 0.65 1.10 ±1.46e-02±0.13 0.30±7.17e-03 ±3.46e-02
0.65 0.70 0.95 ±1.32e-02±0.11 0.26±6.39e-03 ±2.90e-02
0.70 0.75 0.83 ±1.19e-02±9.40e-02 0.21±5.68e-03 ±2.39e-02
0.75 0.80 0.71 ±1.06e-02±8.02e-02 0.18±4.94e-03 ±2.0e-02
0.80 0.85 0.61 ±9.46e-03±6.88e-02 0.15±4.41e-03 ±1.69e-02
0.85 0.90 0.53 ±8.43e-03±5.86e-02 0.12±3.86e-03 ±1.37e-02
0.90 0.95 0.44 ±7.53e-03±4.94e-02 0.10±3.43e-03 ±1.15e-02
0.95 1.0 0.38 ±6.63e-03±4.24e-02 8.61e-02±3.03e-03 ±9.48e-03
1.0 1.10 0.29 ±5.87e-03±3.24e-02 6.50e-02±2.36e-03 ±7.10e-03
1.10 1.20 0.21 ±4.45e-03±2.33e-02 4.43e-02±1.82e-03 ±4.79e-03
1.20 1.30 0.15 ±3.44e-03±1.64e-02 3.02e-02±1.43e-03 ±3.24e-03
1.30 1.40 0.11 ±2.61e-03±1.17e-02 1.95e-02±1.07e-03 ±2.13e-03
1.40 1.50 7.36e-02 ±1.98e-03±8.43e-03 1.39e-02±8.45e-04 ±1.54e-03
1.50 1.60 4.86e-02 ±1.48e-03±6.13e-03 9.11e-03±6.64e-04 ±1.09e-03
1.60 1.70 3.35e-02 ±1.15e-03±4.89e-03 5.70e-03±5.39e-04 ±7.96e-04
1.70 1.80 2.24e-02 ±8.66e-04±3.22e-03 3.75e-03±3.91e-04 ±5.23e-04
1.80 1.90 1.40e-02 ±6.42e-04±2.03e-03 2.45e-03±3.23e-04 ±3.37e-04
1.90 2.0 9.68e-03 ±5.03e-04±1.38e-03 1.43e-03±2.46e-04 ±2.01e-04
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TABLE V. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions at

√
sNN = 14.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.50 0.55 6.81 ±6.20e-02 ±1.17 4.55 ±4.33e-02 ±0.76 2.45 ±2.75e-02 ±0.41
0.55 0.60 6.38 ±5.87e-02 ±1.06 4.34 ±4.10e-02 ±0.71 2.42 ±2.50e-02 ±0.39
0.60 0.65 5.95 ±5.54e-02 ±0.97 4.11 ±3.81e-02 ±0.66 2.24 ±2.32e-02 ±0.36
0.65 0.70 5.52 ±5.22e-02 ±0.88 3.75 ±3.52e-02 ±0.60 2.07 ±2.07e-02 ±0.32
0.70 0.75 4.99 ±4.80e-02 ±0.79 3.52 ±3.24e-02 ±0.55 1.89 ±1.88e-02 ±0.29
0.75 0.80 4.70 ±4.49e-02 ±0.73 3.26 ±2.96e-02 ±0.50 1.72 ±1.69e-02 ±0.26
0.80 0.85 4.17 ±4.07e-02 ±0.65 2.95 ±2.68e-02 ±0.45 1.59 ±1.54e-02 ±0.24
0.85 0.90 3.70 ±3.69e-02 ±0.57 2.53 ±2.37e-02 ±0.39 1.38 ±1.37e-02 ±0.21
0.90 0.95 3.40 ±3.37e-02 ±0.52 2.33 ±2.20e-02 ±0.35 1.24 ±1.23e-02 ±0.18
0.95 1.0 2.94 ±3.08e-02 ±0.45 1.97 ±1.91e-02 ±0.30 1.05 ±1.10e-02 ±0.16
1.0 1.10 2.49 ±3.20e-02 ±0.37 1.63 ±2.19e-02 ±0.24 0.84 ±1.11e-02 ±0.12
1.10 1.20 1.94 ±2.50e-02 ±0.29 1.25 ±1.67e-02 ±0.18 0.63 ±8.52e-03 ±9.09e-02
1.20 1.30 1.49 ±1.92e-02 ±0.22 0.95 ±1.25e-02 ±0.14 0.47 ±6.48e-03 ±6.72e-02
1.30 1.40 1.11 ±1.45e-02 ±0.16 0.71 ±9.21e-03 ±0.10 0.35 ±4.88e-03 ±4.86e-02
1.40 1.50 0.83 ±1.09e-02 ±0.12 0.51 ±6.78e-03 ±7.19e-02 0.25 ±3.72e-03 ±3.48e-02
1.50 1.60 0.50 ±8.20e-03 ±8.23e-02 0.37 ±4.89e-03 ±5.15e-02 0.18 ±2.81e-03 ±2.46e-02
1.60 1.70 0.43 ±6.17e-03 ±5.85e-02 0.27 ±3.50e-03 ±3.66e-02 0.13 ±2.11e-03 ±1.73e-02
1.70 1.80 0.30 ±4.70e-03 ±4.09e-02 0.19 ±2.58e-03 ±2.56e-02 8.91e-02 ±1.61e-03 ±1.19e-02
1.80 1.90 0.21 ±3.54e-03 ±2.84e-02 0.13 ±1.86e-03 ±1.78e-02 6.32e-02 ±1.24e-03 ±8.34e-03
1.90 2.0 0.15 ±2.75e-03 ±1.98e-02 9.39e-02 ±1.35e-03 ±1.24e-02 4.36e-02 ±9.62e-04 ±5.71e-03

TABLE VI. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN =

14.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.50 0.55 0.82 ±1.78e-02±0.15 0.24 ±9.06e-03±4.26e-02
0.55 0.60 0.79 ±1.61e-02±0.14 0.23 ±7.86e-03±3.75e-02
0.60 0.65 0.78 ±1.43e-02±0.13 0.22 ±6.89e-03±3.35e-02
0.65 0.70 0.75 ±1.26e-02±0.11 0.20 ±5.89e-03±2.94e-02
0.70 0.75 0.67 ±1.11e-02±0.10 0.18 ±5.03e-03±2.60e-02
0.75 0.80 0.58 ±9.97e-03±8.79e-02 0.16 ±4.80e-03±2.27e-02
0.80 0.85 0.53 ±8.91e-03±7.79e-02 0.14 ±3.87e-03±1.92e-02
0.85 0.90 0.45 ±7.76e-03±6.61e-02 0.12 ±3.47e-03±1.62e-02
0.90 0.95 0.39 ±6.90e-03±5.68e-02 0.10 ±3.03e-03±1.41e-02
0.95 1.0 0.35 ±6.10e-03±4.97e-02 8.78e-02 ±2.60e-03±1.18e-02
1.0 1.10 0.27 ±5.67e-03±3.81e-02 6.78e-02 ±2.02e-03±9.01e-03
1.10 1.20 0.20 ±4.30e-03±2.77e-02 4.72e-02 ±1.51e-03±6.19e-03
1.20 1.30 0.15 ±3.24e-03±2.0e-02 3.30e-02 ±1.19e-03±4.26e-03
1.30 1.40 0.10 ±2.38e-03±1.40e-02 2.16e-02 ±8.95e-04±2.77e-03
1.40 1.50 7.53e-02 ±1.83e-03±9.98e-03 1.41e-02 ±6.85e-04±1.80e-03
1.50 1.60 5.42e-02 ±1.39e-03±7.06e-03 8.96e-03 ±5.50e-04±1.14e-03
1.60 1.70 3.75e-02 ±1.06e-03±4.83e-03 5.65e-03 ±4.07e-04±7.16e-04
1.70 1.80 2.67e-02 ±8.42e-04±3.38e-03 3.96e-03 ±3.39e-04±4.93e-04
1.80 1.90 1.82e-02 ±6.56e-04±2.28e-03 2.37e-03 ±2.63e-04±2.96e-04
1.90 2.0 1.33e-02 ±5.48e-04±1.64e-03 1.43e-03 ±1.81e-04±1.79e-04
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TABLE VII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions

at
√

sNN = 19.6 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 6.41 ±5.62e-02±1.30 4.67 ±4.13e-02±0.91 2.77 ±2.54e-02 ±0.53
0.45 0.50 5.95 ±5.31e-02±0.99 4.40 ±4.01e-02±0.69 2.57 ±2.44e-02 ±0.40
0.50 0.55 5.60 ±5.11e-02±0.83 4.11 ±3.82e-02±0.58 2.41 ±2.29e-02 ±0.33
0.55 0.60 5.17 ±4.87e-02±0.72 3.79 ±3.54e-02±0.50 2.20 ±2.16e-02 ±0.29
0.60 0.65 4.88 ±4.57e-02±0.65 3.47 ±3.36e-02±0.45 1.99 ±2.02e-02 ±0.25
0.65 0.70 4.48 ±4.23e-02±0.59 3.21 ±3.10e-02±0.40 1.78 ±1.86e-02 ±0.22
0.70 0.75 4.13 ±3.93e-02±0.53 2.92 ±2.88e-02±0.36 1.59 ±1.68e-02 ±0.20
0.75 0.80 3.80 ±3.56e-02±0.48 2.66 ±2.64e-02±0.33 1.44 ±1.53e-02 ±0.18
0.80 0.90 3.23 ±4.08e-02±0.40 2.22 ±3.12e-02±0.27 1.19 ±1.71e-02 ±0.14
0.90 1.0 2.63 ±3.35e-02±0.32 1.79 ±2.50e-02±0.21 0.91 ±1.36e-02 ±0.11
1.0 1.10 2.11 ±2.66e-02±0.25 1.41 ±1.97e-02±0.16 0.71 ±1.06e-02 ±8.35e-02
1.10 1.20 1.66 ±2.08e-02±0.19 1.11 ±1.52e-02±0.13 0.54 ±8.09e-03 ±6.26e-02
1.20 1.30 1.28 ±1.61e-02±0.15 0.85 ±1.16e-02±9.65e-02 0.40 ±6.05e-03 ±4.63e-02
1.30 1.40 0.96 ±1.23e-02±0.11 0.63 ±8.66e-03±7.31e-02 0.29 ±4.48e-03 ±3.42e-02
1.40 1.50 0.71 ±9.34e-03±8.73e-02 0.47 ±6.46e-03±5.64e-02 0.21 ±3.29e-03 ±2.58e-02
1.50 1.60 0.52 ±6.95e-03±6.91e-02 0.34 ±4.65e-03±4.44e-02 0.15 ±2.42e-03 ±1.97e-02
1.60 1.70 0.37 ±5.18e-03±5.71e-02 0.25 ±3.40e-03±3.75e-02 0.10 ±1.75e-03 ±1.58e-02
1.70 1.80 0.26 ±3.90e-03±4.02e-02 0.18 ±2.48e-03±2.65e-02 6.96e-02 ±1.27e-03 ±1.07e-02
1.80 1.90 0.18 ±2.95e-03±2.81e-02 0.13 ±1.77e-03±1.87e-02 4.57e-02 ±9.22e-04 ±7.05e-03
1.90 2.0 0.13 ±2.21e-03±1.94e-02 9.04e-02 ±1.30e-03±1.33e-02 3.03e-02 ±6.60e-04 ±4.66e-03

TABLE VIII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 19.6 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 1.27 ±1.75e-02 ±0.24 0.44 ±7.60e-03±7.52e-02
0.45 0.50 1.16 ±1.63e-02 ±0.18 0.39 ±6.83e-03±5.37e-02
0.50 0.55 1.06 ±1.52e-02 ±0.14 0.34 ±6.30e-03±4.20e-02
0.55 0.60 0.95 ±1.38e-02 ±0.12 0.30 ±5.49e-03±3.39e-02
0.60 0.65 0.82 ±1.27e-02 ±0.10 0.25 ±5.09e-03±2.81e-02
0.65 0.70 0.71 ±1.16e-02 ±8.68e-02 0.22 ±4.53e-03±2.34e-02
0.70 0.75 0.63 ±1.0e-02 ±7.54e-02 0.19 ±3.92e-03±2.0e-02
0.75 0.80 0.55 ±8.95e-03 ±6.48e-02 0.16 ±3.54e-03±1.71e-02
0.80 0.90 0.45 ±9.65e-03 ±5.17e-02 0.12 ±3.19e-03±1.31e-02
0.90 1.0 0.33 ±7.40e-03 ±3.74e-02 8.68e-02 ±2.38e-03±9.21e-03
1.0 1.10 0.25 ±5.60e-03 ±2.74e-02 6.10e-02 ±1.83e-03±6.47e-03
1.10 1.20 0.18 ±4.10e-03 ±1.99e-02 4.41e-02 ±1.37e-03±4.61e-03
1.20 1.30 0.13 ±3.04e-03 ±1.44e-02 3.03e-02 ±1.03e-03±3.19e-03
1.30 1.40 9.27e-02 ±2.26e-03 ±1.04e-02 2.06e-02 ±7.75e-04±2.20e-03
1.40 1.50 6.61e-02 ±1.62e-03 ±7.69e-03 1.37e-02 ±5.93e-04±1.53e-03
1.50 1.60 4.63e-02 ±1.21e-03 ±5.87e-03 9.44e-03 ±4.75e-04±1.15e-03
1.60 1.70 3.21e-02 ±8.82e-04 ±4.72e-03 6.47e-03 ±3.61e-04±9.08e-04
1.70 1.80 2.19e-02 ±6.49e-04 ±3.19e-03 3.94e-03 ±2.74e-04±5.55e-04
1.80 1.90 1.51e-02 ±4.90e-04 ±2.18e-03 2.77e-03 ±2.12e-04±3.88e-04
1.90 2.0 9.89e-03 ±3.61e-04 ±1.42e-03 1.93e-03 ±1.89e-04±2.67e-04
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TABLE IX. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions at

√
sNN = 27 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 5.79±4.06e-02±1.17 4.22±3.19e-02±0.82 2.64±1.91e-02±0.50
0.45 0.50 5.41±3.97e-02±0.90 3.95±3.09e-02±0.63 2.42±1.80e-02±0.37
0.50 0.55 4.99±3.84e-02±0.75 3.66±2.97e-02±0.52 2.17±1.75e-02±0.30
0.55 0.60 4.59±3.65e-02±0.65 3.33±2.83e-02±0.45 1.99±1.64e-02±0.26
0.60 0.65 4.22±3.44e-02±0.58 3.03±2.65e-02±0.40 1.78±1.55e-02±0.23
0.65 0.70 3.88±3.02e-02±0.52 2.79±2.50e-02±0.36 1.60±1.43e-02±0.21
0.70 0.75 3.54±3.02e-02±0.47 2.56±2.29e-02±0.33 1.44±1.30e-02±0.18
0.75 0.80 3.30±2.81e-02±0.42 2.32±2.10e-02±0.29 1.29±1.19e-02±0.16
0.80 0.90 2.87±3.25e-02±0.36 2.01±2.56e-02±0.25 1.10±1.37e-02±0.14
0.90 1.0 2.39±2.67e-02±0.29 1.63±2.10e-02±0.20 0.87±1.10e-02±0.11
1.0 1.10 1.92±2.15e-02±0.23 1.30±1.65e-02±0.16 0.68±8.62e-03±8.18e-02
1.10 1.20 1.53±1.71e-02±0.18 1.02±1.27e-02±0.12 0.52±6.58e-03±6.18e-02
1.20 1.30 1.19±1.31e-02±0.14 0.78±9.63e-03±9.13e-02 0.39±5.03e-03±4.63e-02
1.30 1.40 0.89±1.01e-02±0.11 0.58±7.16e-03±6.91e-02 0.29±3.73e-03±3.46e-02
1.40 1.50 0.66±7.57e-03±8.26e-02 0.43±5.27e-03±5.29e-02 0.21±2.78e-03±2.64e-02
1.50 1.60 0.47±5.63e-03±6.50e-02 0.32±3.84e-03±4.23e-02 0.15±2.04e-03±2.06e-02
1.60 1.70 0.34±4.18e-03±5.47e-02 0.22±2.78e-03±3.51e-02 0.11±1.51e-03±1.72e-02
1.70 1.80 0.25±3.11e-03±3.85e-02 0.16±1.97e-03±2.50e-02 7.84e-02±1.11e-03±1.21e-02
1.80 1.90 0.18±2.33e-03±2.72e-02 0.17±1.43e-03±1.77e-02 5.58e-02±8.26e-04±8.51e-03
1.90 2.0 0.12±1.75e-03±1.90e-02 8.23e-02±1.02e-03±1.24e-02 3.99e-02±6.18e-04±5.98e-03

TABLE X. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN =

27 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 1.21 ±1.32e-02±0.23 0.45±5.41e-03±7.46e-02
0.45 0.50 1.11 ±1.25e-02±0.17 0.37±4.95e-03±5.21e-02
0.50 0.55 0.98 ±1.16e-02±0.14 0.31±4.64e-03±3.98e-02
0.55 0.60 0.87 ±1.07e-02±0.11 0.28±4.13e-03±3.32e-02
0.60 0.65 0.75 ±9.75e-03±9.60e-02 0.23±3.72e-03±2.73e-02
0.65 0.70 0.66 ±8.77e-03±8.27e-02 0.19±3.31e-03±2.25e-02
0.70 0.75 0.58 ±8.01e-03±7.12e-02 0.17±2.95e-03±1.89e-02
0.75 0.80 0.51 ±7.07e-03±6.18e-02 0.14±2.61e-03±1.60e-02
0.80 0.90 0.42 ±7.92e-03±4.97e-02 0.11±2.59e-03±1.25e-02
0.90 1.0 0.31 ±6.17e-03±3.67e-02 7.70e-02±1.99e-03±8.69e-03
1.0 1.10 0.23 ±4.64e-03±2.72e-02 5.59e-02±1.47e-03±6.25e-03
1.10 1.20 0.17 ±3.50e-03±2.01e-02 3.95e-02±1.08e-03±4.43e-03
1.20 1.30 0.13 ±2.57e-03±1.47e-02 2.79e-02±7.97e-04±3.13e-03
1.30 1.40 9.06e-02 ±1.90e-03±1.07e-02 1.90e-02±5.92e-04±2.17e-03
1.40 1.50 6.50e-02 ±1.39e-03±7.99e-03 1.28e-02±4.43e-04±1.52e-03
1.50 1.60 4.56e-02 ±1.02e-03±6.11e-03 9.16e-03±3.37e-04±1.17e-03
1.60 1.70 3.22e-02 ±7.44e-04±4.98e-03 5.98e-03±2.52e-04±8.88e-04
1.70 1.80 2.25e-02 ±5.52e-04±3.44e-03 4.18e-03±2.02e-04±6.04e-04
1.80 1.90 1.61e-02 ±4.21e-04±2.42e-03 3.01e-03±1.56e-04±4.20e-04
1.90 2.0 1.10e-02 ±3.05e-04±1.63e-03 2.10e-03±1.21e-04±2.87e-04
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TABLE XI. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions at

√
sNN = 39 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 4.34 ±2.59e-02±0.92 2.96±2.51e-02±0.72 1.99±1.47e-02 ±0.46
0.45 0.50 4.0 ±2.56e-02±0.71 2.77±2.39e-02±0.54 1.87±1.39e-02 ±0.34
0.50 0.55 3.76 ±2.48e-02±0.59 2.66±2.26e-02±0.44 1.75±1.28e-02 ±0.28
0.55 0.60 3.56 ±2.38e-02±0.52 2.54±2.09e-02±0.38 1.62±1.17e-02 ±0.23
0.60 0.65 3.34 ±2.29e-02±0.48 2.41±1.92e-02±0.34 1.51±1.07e-02 ±0.20
0.65 0.70 3.13 ±2.17e-02±0.44 2.29±1.77e-02±0.31 1.38±9.84e-03 ±0.18
0.70 0.75 2.94 ±2.02e-02±0.40 2.15±1.60e-02±0.28 1.27±8.94e-03 ±0.16
0.75 0.80 2.68 ±1.90e-02±0.36 1.97±1.46e-02±0.26 1.17±8.11e-03 ±0.15
0.80 0.90 2.32 ±2.29e-02±0.31 1.70±1.74e-02±0.22 0.99±9.40e-03 ±0.12
0.90 1.0 1.93 ±1.93e-02±0.26 1.39±1.43e-02±0.17 0.79±7.49e-03 ±9.63e-02
1.0 1.10 1.58 ±1.56e-02±0.21 1.12±1.15e-02±0.14 0.62±5.91e-03 ±7.48e-02
1.10 1.20 1.28 ±1.25e-02±0.16 0.89±9.12e-03±0.11 0.48±4.70e-03 ±5.75e-02
1.20 1.30 1.01 ±9.75e-03±0.13 0.69±7.16e-03±8.29e-02 0.37±3.62e-03 ±4.38e-02
1.30 1.40 0.78 ±7.56e-03±9.91e-02 0.52±5.47e-03±6.36e-02 0.27±2.81e-03 ±3.33e-02
1.40 1.50 0.58 ±5.69e-03±7.72e-02 0.38±4.24e-03±4.94e-02 0.20±2.16e-03 ±2.57e-02
1.50 1.60 0.43 ±4.25e-03±6.20e-02 0.28±3.22e-03±3.96e-02 0.15±1.65e-03 ±2.06e-02
1.60 1.70 0.32 ±3.17e-03±5.23e-02 0.20±2.41e-03±3.39e-02 0.11±1.25e-03 ±1.75e-02
1.70 1.80 0.23 ±2.32e-03±3.74e-02 0.15±1.81e-03±2.46e-02 7.66e-02±9.43e-04 ±1.26e-02
1.80 1.90 0.16 ±1.71e-03±2.66e-02 0.11±1.34e-03±1.77e-02 5.55e-02±7.17e-04 ±9.09e-03
1.90 2.0 0.12 ±1.26e-03±1.88e-02 7.67e-02±9.82e-04±1.27e-02 3.99e-02±5.41e-04 ±6.52e-03

TABLE XII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN =

39 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 0.86 ±9.96e-03±0.21 0.34±3.87e-03±6.40e-02
0.45 0.50 0.82 ±9.29e-03±0.16 0.31±3.55e-03±4.61e-02
0.50 0.55 0.76 ±8.73e-03±0.13 0.28±3.20e-03±3.62e-02
0.55 0.60 0.68 ±8.04e-03±0.11 0.25±2.90e-03±2.92e-02
0.60 0.65 0.62 ±7.22e-03±9.55e-02 0.21±2.54e-03±2.43e-02
0.65 0.70 0.55 ±6.52e-03±8.19e-02 0.18±2.24e-03±2.04e-02
0.70 0.75 0.50 ±5.93e-03±6.99e-02 0.16±2.01e-03±1.75e-02
0.75 0.80 0.45 ±5.27e-03±5.97e-02 0.14±1.79e-03±1.51e-02
0.80 0.90 0.37 ±6.04e-03±4.77e-02 0.11±1.86e-03±1.21e-02
0.90 1.0 0.28 ±4.73e-03±3.49e-02 7.86e-02±1.43e-03±8.68e-03
1.0 1.10 0.21 ±3.58e-03±2.55e-02 5.52e-02±1.11e-03±6.20e-03
1.10 1.20 0.16 ±2.67e-03±1.90e-02 3.89e-02±8.50e-04±4.43e-03
1.20 1.30 0.12 ±2.02e-03±1.42e-02 2.75e-02±6.50e-04±3.16e-03
1.30 1.40 8.96e-02 ±1.48e-03±1.06e-02 1.91e-02±4.85e-04±2.25e-03
1.40 1.50 6.53e-02 ±1.10e-03±8.10e-03 1.32e-02±3.63e-04±1.65e-03
1.50 1.60 4.72e-02 ±7.93e-04±6.39e-03 9.04e-03±2.73e-04±1.24e-03
1.60 1.70 3.40e-02 ±5.88e-04±5.33e-03 6.28e-03±2.07e-04±1.01e-03
1.70 1.80 2.45e-02 ±4.27e-04±3.78e-03 4.40e-03±1.48e-04±6.96e-04
1.80 1.90 1.75e-02 ±3.11e-04±2.66e-03 2.97e-03±1.10e-04±4.72e-04
1.90 2.0 1.26e-02 ±2.37e-04±1.88e-03 2.04e-03±8.0e-5±3.20e-04
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TABLE XIII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions

at
√

sNN = 54.4 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.4 0.5 3.36±9.31e-02±0.94 2.32±8.0e-02±0.66 1.37±5.25e-02±0.38
0.5 0.6 3.10±8.74e-02±0.83 2.21±7.89e-02±0.59 1.30±4.53e-02±0.32
0.6 0.7 2.90±8.11e-02±0.70 2.10±6.63e-02±0.530 1.22±3.69e-02±0.28
0.7 0.8 2.62±7.04e-02±0.52 1.85±5.88e-02±0.42 1.06±3.15e-02±0.22
0.8 0.9 2.30±6.00e-02±0.39 1.61±4.97e-02±0.33 0.91±2.42e-02±0.16
0.9 1.0 1.85±4.95e-02±0.28 1.29±4.09e-02±0.25 0.72±1.96e-02±0.11
1.0 1.1 1.53±4.08e-02±0.33 0.97±3.35e-02±0.22 0.59±1.58e-02±7.97e-02
1.1 1.2 1.24±3.23e-02±0.25 0.78±2.67e-02±0.19 0.46±1.25e-02±4.63e-02
1.2 1.3 0.97±2.65e-02±0.20 0.61±2.02e-02±0.14 0.35±1.03e-02±4.19e-02
1.3 1.4 0.74±2.01e-02±0.15 0.48±1.59e-02±8.97e-02 0.26±7.63e-03±3.03e-02
1.4 1.5 0.56±1.54e-02±0.12 0.35±1.22e-02±7.93e-02 0.19±6.13e-03±2.73e-02
1.5 1.6 0.41±1.16e-02±9.16e-02 0.26±9.13e-03±5.96e-02 0.14±4.51e-03±1.69e-02
1.6 1.7 0.30±8.50e-03±7.0e-02 0.19±6.70e-03±4.40e-02 0.10±3.42e-03±1.27e-02
1.7 1.8 0.22±6.38e-03±5.31e-02 0.14±4.91e-03±3.28e-02 7.24e-02±2.62e-03±9.51e-03
1.8 1.9 0.16±4.52e-03±4.00e-02 9.93e-02±3.66e-03±2.42e-02 5.19e-02±1.92e-03±7.01e-03
1.9 2.0 0.11±3.31e-03±2.95e-02 7.16e-02±2.64e-03±1.77e-02 3.75e-02±1.41e-03±5.13e-03
2.0 2.1 7.79e-02±2.38e-03±2.14e-02 5.15e-02±1.89e-03±1.28e-02 2.69e-02±1.0e-03±3.69e-03
2.1 2.2 5.48e-02±1.70e-03±1.54e-02 3.74e-02±1.35e-03±9.28e-03 1.95e-02±7.52e-04±2.66e-03

TABLE XIV. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 54.4 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.4 0.5 0.69±3.51e-02±0.17 0.24±1.81e-02±6.10e-02
0.5 0.6 0.61±3.21e-02±0.15 0.21±1.59e-02±4.63e-02
0.6 0.7 0.53±2.67e-02±0.12 0.16±1.20e-02±3.48e-02
0.7 0.8 0.42±2.06e-02±8.59e-02 0.12±9.72e-03±2.42e-02
0.8 0.9 0.34±1.60e-02±5.56e-02 9.19e-02±7.23e-03±1.52e-02
0.9 1.0 0.26±1.29e-02±3.67e-02 6.74e-02±5.15e-03±1.01e-02
1.0 1.1 0.20±9.98e-03±2.45e-02 5.06e-02±3.73e-03±5.61e-03
1.1 1.2 0.15±7.79e-03±1.73e-02 3.71e-02±2.86e-03±3.61e-03
1.2 1.3 0.11±5.53e-03±1.19e-02 2.68e-02±1.96e-03±2.43e-03
1.3 1.4 8.46e-02±4.20e-03±8.64e-03 1.92e-02±1.39e-03±1.89e-03
1.4 1.5 6.19e-02±3.12e-03±6.45e-03 1.36e-02±9.86e-04±1.38e-03
1.5 1.6 4.49e-02±2.33e-03±4.80e-03 9.59e-03±6.88e-04±9.99e-04
1.6 1.7 3.24e-02±1.63e-03±3.53e-03 6.58e-03±4.75e-04±7.10e-04
1.7 1.8 2.36e-02±1.19e-03±2.57e-03 4.60e-03±3.43e-04±4.91e-04
1.8 1.9 1.71e-02±7.93e-04±1.81e-03 3.09e-03±2.73e-04±3.42e-04
1.9 2.0 1.22e-02±5.83e-04±1.28e-03 2.19e-03±1.69e-04±2.35e-04
2.0 2.1 8.82e-03±3.91e-04±8.88e-04 1.45e-03±1.14e-04±1.49e-04
2.1 2.2 6.22e-03±2.51e-04±6.22e-04 9.98e-04±9.60e-05±1.02e-04

TABLE XV. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-10%, 10-20% and 20-40% Au+Au collisions

at
√

sNN = 62.4 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.5 0.6 2.89±0.24±0.50 2.24±0.20±0.37 1.51±0.11±0.23
0.6 0.7 2.57±0.18±0.45 2.12±0.16±0.34 1.26±8.03e-02±0.20
0.7 0.8 2.60±0.16±0.42 1.86±0.13±0.29 1.11±6.52e-02±0.17
0.8 0.9 2.27±0.13±0.35 1.58±0.10±0.25 0.93±5.29e-02±0.14
0.9 1.0 2.04±0.11±0.30 1.46±9.22e-02±0.21 0.76±4.44e-02±0.11
1.0 1.2 1.74±6.44e-02±0.23 1.15±5.16e-02±0.15 0.65±2.66e-02±8.50e-02
1.2 1.4 1.08±4.20e-02±0.14 0.74±3.30e-02±9.24e-02 0.40±1.72e-02±5.04e-02
1.4 1.6 0.62±2.66e-02±7.64e-02 0.41±2.12e-02±5.13e-02 0.21±1.05e-02±2.63e-02
1.6 1.8 0.35±1.75e-02±4.18e-02 0.20±1.34e-02±2.53e-02 0.11±6.75e-03±1.37e-02
1.8 2.0 0.18±1.16e-02±2.19e-02 0.13±9.31e-03±1.51e-02 6.53e-02±4.47e-03±7.80e-03
2.0 2.5 6.36e-02±3.59e-03±7.10e-03 4.24e-02±3.0e-03±4.84e-03 2.21e-02±1.45e-03±2.47e-03
2.5 3.0 1.21e-02±1.15e-03±2.13e-03 7.88e-03±8.93e-04±1.42e-03 5.09e-03±1.39e-04±8.67e-04
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TABLE XVI. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-80% Au+Au collisions at

√
sNN = 62.4 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-80%
0.5 0.6 0.34±3.34e-02±5.50e-02
0.6 0.7 0.38±2.81e-02±5.28e-02
0.7 0.8 0.27±2.20e-02±4.03e-02
0.8 0.9 0.26±1.98e-02±3.52e-02
0.9 1.0 0.18±1.47e-02±2.52e-02
1.0 1.2 0.15±8.62e-03±1.88e-02
1.2 1.4 7.83e-02±5.26e-03±1.01e-02
1.4 1.6 3.85e-02±3.10e-03±5.11e-03
1.6 1.8 2.04e-02±2.02e-03±2.65e-03
1.8 2.0 1.03e-02±1.23e-03±1.31e-03
2.0 2.5 4.35e-03±4.32e-04±4.71e-04
2.5 3.0 9.36e-04±9.60e-5±1.55e-04

TABLE XVII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 0-12%, 10-20% and 20-40% Au+Au collisions

at
√

sNN = 200 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.50 0.60 1.88 ± 1.12 0.50 0.60 2.10 ±0.86 0.50 0.60 1.31 ±0.45
0.60 0.70 2.28 ± 0.94 0.60 0.70 2.18 ±0.73 0.60 0.70 1.44 ±0.38
0.70 0.80 2.58 ± 0.77 0.70 0.80 2.11 ±0.65 0.70 0.80 1.33 ±0.33
0.80 0.90 2.53 ± 0.67 0.80 0.90 1.92 ±0.59 0.80 0.90 1.15 ±0.29
0.90 1.0 2.29 ± 0.59 0.90 1.0 1.73 ±0.53 0.90 1.0 1.02 ±0.26
1.0 1.10 2.13 ± 0.50 1.0 1.10 1.63 ±0.41 1.0 1.10 0.95 ±0.21
1.10 1.20 1.66 ± 0.44 1.10 1.20 1.21 ±0.32 1.10 1.20 0.68 ±0.17
1.20 1.40 1.13 ± 0.31 1.20 1.40 0.82 ±0.23 1.20 1.40 0.43 ±0.12
1.40 1.60 0.69 ± 0.20 1.40 1.60 0.51 ±0.14 1.40 1.60 0.26 ±6.87e-02
1.60 1.80 0.40 ± 0.12 1.60 1.80 0.29 ±8.28e-02 1.60 1.80 0.15 ±4.09e-02
1.80 2.0 0.24 ± 6.93e-02 1.80 2.0 0.17 ±4.86e-02 1.80 2.0 9.17e-02 ±2.48e-02
2.0 2.20 0.15 ± 4.87e-02 2.0 2.20 0.11 ±3.31e-02 2.0 2.20 5.82e-02 ±1.69e-02
2.20 2.50 7.68e-02 ± 2.41e-02 2.20 2.50 5.48e-02 ±1.72e-02 2.20 2.50 2.89e-02 ±8.62e-03
2.50 2.75 2.59e-02 ± 1.07e-02 2.50 3.0 1.77e-02 ±5.49e-03 2.50 3.0 9.84e-03 ±2.91e-03
2.75 3.0 1.23e-02± 5.06e-03 3.0 3.25 4.70e-03 ±2.01e-03 3.0 3.25 2.45e-03 ±1.03e-03
3.0 3.25 5.92e-03± 2.67e-03 3.25 3.50 2.41e-03 ±1.08e-03 3.25 3.50 1.24e-03 ±5.44e-04
3.25 3.50 3.03e-03± 1.36e-03 3.50 3.75 1.29e-03 ±5.62e-04 3.50 3.75 6.92e-04 ±2.98e-04
3.50 3.75 1.52e-03± 7.45e-04 3.75 4.0 7.37e-04 ±2.89e-04 3.75 4.0 4.05e-04 ±1.55e-04
3.75 4.0 8.58e-04± 3.75e-04 4.0 4.5 3.39e-04 ±1.17e-04 4.0 4.5 1.96e-04 ±6.56e-05
4.0 4.50 4.20e-04± 1.39e-04 4.50 5.0 1.14e-04 ±4.28e-05 4.5 5.0 6.96e-05 ±2.53e-05
4.50 5.0 1.55e-04± 4.63e-05 5.0 5.5 4.93e-05 ±1.65e-05 5.0 5.5 3.10e-05 ±1.01e-05
5.0 5.50 5.69e-05± 1.66e-05 5.50 6.0 2.25e-05 ±8.85e-06 5.5 6.0 9.42e-06 ±3.76e-06
5.50 6.0 2.79e-05± 7.07e-06 6.0 7.0 7.91e-06 ±2.82e-06 6.0 7.0 3.92e-06 ±1.36e-06
6.0 7.0 9.04e-06± 2.40e-06 7.0 8.0 1.94e-06 ±8.42e-07 7.0 8.0 1.47e-06 ±5.03e-07
7.0 8.0 2.37e-06± 6.69e-07 8.0 10.0 5.78e-07 ±2.48e-07 8.0 10.0 4.02e-07 ±1.45e-07
8.0 10.0 6.94e-07± 1.88e-07
10.0 12.0 1.54e-07 ± 7.87e-08
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TABLE XVIII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial protons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 200 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.50 0.60 0.81 ±0.21 0.50 0.60 0.30 ±8.59e-02
0.60 0.70 0.66 ±0.18 0.60 0.70 0.24 ±6.84e-02
0.70 0.80 0.59 ±0.15 0.70 0.80 0.20 ±5.34e-02
0.80 0.90 0.52 ±0.13 0.80 0.90 0.17 ±4.32e-02
0.90 1.0 0.45 ±0.11 0.90 1.0 0.14 ±3.51e-02
1.0 1.10 0.43 ±8.66e-02 1.0 1.10 0.13 ±2.91e-02
1.10 1.20 0.31 ±6.45e-02 1.10 1.20 8.67e-02 ±1.87e-02
1.20 1.40 0.18 ±4.54e-02 1.20 1.40 5.11e-02 ±1.15e-02
1.40 1.60 0.10 ±2.61e-02 1.40 1.60 3.03e-02 ±9.83e-02
1.60 1.80 6.04e-02 ±1.49e-02 1.60 1.80 1.41e-02 ±5.53e-02
1.80 2.0 3.57e-02 ±8.71e-03 1.80 2.0 7.47e-03 ±2.94e-02
2.0 2.20 2.06e-02 ±5.95e-03 2.0 2.20 3.81e-03 ±1.65e-02
2.20 2.50 9.38e-03 ±2.84e-03 2.20 2.50 1.83e-03 ±9.21e-04
2.50 3.0 3.79e-03 ±1.07e-03 2.50 3.0 6.87e-04 ±3.29e-04
3.0 3.25 9.18e-04±4.28e-04 3.0 3.25 2.12e-04±1.08e-04
3.25 3.50 4.99e-04±2.37e-04 3.25 3.50 1.14e-04±5.99e-05
3.50 3.75 2.53e-04±1.28e-04 3.50 3.75 6.52e-05±3.25e-05
3.75 4.0 1.65e-04±7.03e-05 3.75 4.0 4.10e-05 ±1.70e-05
4.0 4.50 9.15e-05±2.91e-05 4.0 4.50 2.39e-05±8.05e-06
4.50 5.0 3.39e-05±1.10e-05 4.50 5.0 8.56e-06±3.21e-06
5.0 5.50 1.38e-05±4.54e-06 5.0 5.50 4.39e-06±1.53e-06
5.50 6.0 5.21e-06±2.29e-06 5.50 6.0 1.46e-06±7.95e-07
6.0 7.0 1.83e-06±8.04e-07 6.0 7.0 6.08e-07±3.13e-07
7.0 8.0 7.16e-07±3.08e-07 7.0 8.0 2.45e-07±1.35e-07
8.0 10.0 1.30e-07 ±7.03e-08
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Appendix B: Invariant transverse momentum (pT ) spectra of primordial antiprotons in Au+Au collisions at√sNN = 7.7 - 200 GeV.

TABLE XIX. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au colli-

sions at
√

sNN = 7.7 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 5.19e-02 ±8.47e-03 ±1.43e-02 5.70e-02 ±3.82e-03 ±1.49e-02 3.42e-02 ±4.36e-03 ±8.15e-03
0.45 0.50 4.85e-02 ±7.71e-03 ±1.16e-02 4.95e-02 ±3.41e-03 ±1.18e-02 2.85e-02 ±3.84e-03 ±6.22e-03
0.50 0.55 4.34e-02 ±7.07e-03 ±9.95e-03 4.40e-02 ±3.10e-03 ±9.76e-03 2.73e-02 ±3.53e-03 ±5.30e-03
0.55 0.60 4.35e-02 ±6.62e-03 ±9.03e-03 3.52e-02 ±2.78e-03 ±7.98e-03 2.54e-02 ±3.26e-03 ±4.61e-03
0.60 0.65 3.94e-02 ±6.10e-03 ±8.04e-03 3.55e-02 ±2.63e-03 ±6.97e-03 2.18e-02 ±2.92e-03 ±3.96e-03
0.65 0.70 3.51e-02 ±5.61e-03 ±7.17e-03 3.36e-02 ±2.44e-03 ±6.10e-03 2.03e-02 ±2.69e-03 ±3.57e-03
0.70 0.75 3.14e-02 ±5.17e-03 ±6.41e-03 2.57e-02 ±2.17e-03 ±4.97e-03 1.71e-02 ±2.41e-03 ±3.09e-03
0.75 0.80 2.91e-02 ±4.80e-03 ±5.83e-03 2.33e-02 ±2.00e-03 ±4.39e-03 1.47e-02 ±2.19e-03 ±2.70e-03
0.80 0.90 2.38e-02 ±5.03e-03 ±4.90e-03 1.56e-02 ±1.68e-03 ±3.48e-03 1.16e-02 ±2.30e-03 ±2.21e-03
0.90 1.0 2.21e-02 ±3.26e-03 ±4.13e-03 1.37e-02 ±1.33e-03 ±2.89e-03 9.33e-03 ±1.41e-03 ±1.71e-03
1.0 1.10 1.60e-02 ±2.69e-03 ±3.13e-03 1.08e-02 ±1.11e-03 ±2.31e-03 6.77e-03 ±1.13e-03 ±1.26e-03
1.10 1.20 1.28e-02 ±2.24e-03 ±2.42e-03 7.78e-03 ±8.94e-04 ±1.77e-03 4.98e-03 ±8.97e-04 ±9.20e-04
1.20 1.30 9.87e-03 ±1.86e-03 ±1.85e-03 5.19e-03 ±7.09e-04 ±1.29e-03 3.74e-03 ±7.39e-04 ±6.75e-04

TABLE XX. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 7.7 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 2.27e-02 ±3.33e-03 ±4.52e-03 0.40 0.45 9.49e-03 ±2.03e-03 ±1.50e-03
0.45 0.50 2.13e-02 ±2.98e-03 ±3.53e-03 0.45 0.50 8.56e-03 ±1.87e-03 ±1.14e-03
0.50 0.55 1.75e-02 ±2.61e-03 ±2.81e-03 0.50 0.55 6.36e-03 ±1.60e-03 ±8.63e-04
0.55 0.60 1.47e-02 ±2.30e-03 ±2.33e-03 0.55 0.60 6.03e-03 ±1.51e-03 ±8.24e-04
0.60 0.65 1.22e-02 ±2.05e-03 ±1.97e-03 0.60 0.65 5.02e-03 ±1.30e-03 ±6.24e-04
0.65 0.70 9.87e-03 ±1.80e-03 ±1.63e-03 0.65 0.70 3.68e-03 ±1.12e-03 ±5.06e-04
0.70 0.75 8.57e-03 ±1.64e-03 ±1.40e-03 0.70 0.80 2.85e-03 ±1.21e-03 ±4.08e-04
0.75 0.80 7.74e-03 ±1.49e-03 ±1.23e-03
0.80 0.90 5.25e-03 ±1.09e-03 ±9.20e-04
0.90 1.0 3.38e-03 ±8.33e-04 ±6.32e-04
1.0 1.10 3.0e-03 ±7.17e-04 ±4.86e-04
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TABLE XXI. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au colli-

sions at
√

sNN = 11.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 0.20±1.10e-02 ±5.46e-02 0.14 ±4.86e-03 ±3.85e-02 0.11 ±5.54e-03 ±2.59e-02
0.45 0.50 0.19±1.01e-02 ±4.43e-02 0.14 ±4.53e-03 ±3.18e-02 0.10 ±5.05e-03 ±2.07e-02
0.50 0.55 0.17±9.26e-03 ±3.72e-02 0.13 ±4.20e-03 ±2.76e-02 8.94e-02 ±4.59e-03 ±1.74e-02
0.55 0.60 0.17±8.72e-03 ±3.31e-02 0.12 ±3.93e-03 ±2.47e-02 8.30e-02 ±4.19e-03 ±1.55e-02
0.60 0.65 0.17±8.25e-03 ±3.01e-02 0.12 ±3.66e-03 ±2.22e-02 8.27e-02 ±3.93e-03 ±1.44e-02
0.65 0.70 0.15±7.64e-03 ±2.69e-02 0.11 ±3.37e-03 ±1.98e-02 7.25e-02 ±3.57e-03 ±1.27e-02
0.70 0.75 0.14±7.05e-03 ±2.42e-02 9.82e-02 ±3.10e-03 ±1.77e-02 6.16e-02 ±3.22e-03 ±1.10e-02
0.75 0.80 0.12±6.45e-03 ±2.14e-02 8.79e-02 ±2.85e-03 ±1.56e-02 5.76e-02 ±2.97e-03 ±9.91e-03
0.80 0.90 9.73e-02±5.24e-03 ±1.78e-02 7.63e-02 ±2.56e-03 ±1.32e-02 4.26e-02 ±2.36e-03 ±7.80e-03
0.90 1.0 8.17e-02±4.45e-03 ±1.46e-02 5.77e-02 ±2.11e-03 ±1.01e-02 3.44e-02 ±1.95e-03 ±6.01e-03
1.0 1.10 6.38e-02±3.69e-03 ±1.14e-02 4.66e-02 ±1.73e-03 ±7.88e-03 2.51e-02 ±1.58e-03 ±4.40e-03
1.10 1.20 4.90e-02±3.03e-03 ±8.71e-03 3.42e-02 ±1.37e-03 ±5.87e-03 1.81e-02 ±1.27e-03 ±3.17e-03
1.20 1.30 3.90e-02±2.50e-03 ±6.63e-03 2.49e-02 ±1.09e-03 ±4.33e-03 1.38e-02 ±1.02e-03 ±2.31e-03
1.30 1.40 2.68e-02±1.99e-03 ±4.74e-03 1.55e-02 ±8.27e-04 ±2.98e-03 8.41e-03 ±7.91e-04 ±1.55e-03
1.40 1.50 1.94e-02±1.59e-03 ±3.49e-03 1.22e-02 ±6.65e-04 ±2.28e-03 6.03e-03 ±6.14e-04 ±1.12e-03
1.50 1.60 1.30e-02±1.26e-03 ±2.58e-03 8.03e-03 ±5.14e-04 ±1.68e-03 4.15e-03 ±4.96e-04 ±8.27e-04
1.60 1.70 7.49e-03±9.44e-04 ±1.87e-03 5.26e-03 ±3.96e-04 ±1.29e-03 2.67e-03 ±3.82e-04 ±6.26e-04
1.70 1.80 5.49e-03±7.65e-04 ±1.30e-03 2.87e-03 ±2.96e-04 ±7.89e-04 1.53e-03 ±2.91e-04 ±3.93e-04
1.80 1.90 3.97e-03±6.23e-04 ±9.03e-04 1.80e-03 ±2.20e-04 ±5.13e-04
1.90 2.0 2.30e-03±4.66e-04 ±5.78e-04 1.13e-03 ±1.66e-04 ±3.25e-04

TABLE XXII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 11.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 5.25e-02 ±4.19e-03 ±1.45e-02 0.40 0.45 2.65e-02 ±2.84e-03 ±5.70e-03
0.45 0.50 4.61e-02 ±3.75e-03 ±1.12e-02 0.45 0.50 2.26e-02 ±2.48e-03 ±4.29e-03
0.50 0.55 4.33e-02 ±3.41e-03 ±9.58e-03 0.50 0.55 2.02e-02 ±2.26e-03 ±3.57e-03
0.55 0.60 3.94e-02 ±3.08e-03 ±8.29e-03 0.55 0.60 1.66e-02 ±1.99e-03 ±2.97e-03
0.60 0.65 3.35e-02 ±2.76e-03 ±7.15e-03 0.60 0.65 1.36e-02 ±1.74e-03 ±2.49e-03
0.65 0.70 2.85e-02 ±2.47e-03 ±6.15e-03 0.65 0.70 1.18e-02 ±1.55e-03 ±2.12e-03
0.70 0.80 2.21e-02 ±2.00e-03 ±4.87e-03 0.70 0.80 8.65e-03 ±1.19e-03 ±1.60e-03
0.80 0.90 1.63e-02 ±1.58e-03 ±3.50e-03 0.80 0.90 5.31e-03 ±8.90e-04 ±1.04e-03
0.90 1.00 1.07e-02 ±1.24e-03 ±2.42e-03 0.90 1.00 3.24e-03 ±6.71e-04 ±6.48e-04
1.00 1.10 8.60e-03 ±9.87e-04 ±1.75e-03 1.00 1.10 2.34e-03 ±5.38e-04 ±4.20e-04
1.10 1.20 6.05e-03 ±7.69e-04 ±1.21e-03 1.10 1.20 2.24e-03 ±4.25e-04 ±3.22e-04
1.20 1.30 3.60e-03 ±5.78e-04 ±7.78e-04
1.30 1.40 2.45e-03 ±4.48e-04 ±5.31e-04
1.40 1.50 1.17e-03 ±3.20e-04 ±3.34e-04
1.50 1.60 1.10e-03 ±2.61e-04 ±2.71e-04
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TABLE XXIII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au

collisions at
√

sNN = 14.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.50 0.55 0.35±8.85e-03 ±8.52e-02 0.27 ±5.28e-03 ±6.23e-02 0.20 ±5.16e-03 ±3.76e-02
0.55 0.60 0.32±8.27e-03 ±7.39e-02 0.25 ±5.06e-03 ±5.48e-02 0.17 ±4.82e-03 ±3.35e-02
0.60 0.65 0.30±7.83e-03 ±6.63e-02 0.22 ±4.89e-03 ±4.81e-02 0.16 ±4.43e-03 ±3.01e-02
0.65 0.70 0.28±7.37e-03 ±5.89e-02 0.20 ±4.64e-03 ±4.26e-02 0.14 ±4.12e-03 ±2.70e-02
0.70 0.75 0.26±6.97e-03 ±5.32e-02 0.18 ±4.36e-03 ±3.83e-02 0.13 ±3.79e-03 ±2.44e-02
0.75 0.80 0.24±6.51e-03 ±4.83e-02 0.17 ±4.08e-03 ±3.50e-02 0.11 ±3.46e-03 ±2.17e-02
0.80 0.85 0.21±6.17e-03 ±4.28e-02 0.15 ±3.85e-03 ±3.07e-02 0.10 ±3.27e-03 ±1.94e-02
0.85 0.90 0.19±5.82e-03 ±3.81e-02 0.13 ±3.58e-03 ±2.69e-02 8.72e-02 ±2.96e-03 ±1.67e-02
0.90 0.95 0.17±5.59e-03 ±3.41e-02 0.12 ±3.36e-03 ±2.45e-02 7.61e-02 ±2.85e-03 ±1.46e-02
0.95 1.00 0.15±5.44e-03 ±3.03e-02 0.11 ±3.18e-03 ±2.21e-02 6.62e-02 ±2.67e-03 ±1.29e-02
1.00 1.10 0.13±4.88e-03 ±2.57e-02 8.74e-02 ±3.00e-03 ±1.79e-02 5.46e-02 ±2.10e-03 ±1.03e-02
1.10 1.20 0.10±4.03e-03 ±2.02e-02 6.57e-02 ±2.38e-03 ±1.35e-02 4.01e-02 ±1.67e-03 ±7.52e-03
1.20 1.30 7.84e-02±3.27e-03 ±1.52e-02 5.11e-02 ±1.82e-03 ±1.01e-02 2.96e-02 ±1.32e-03 ±5.45e-03
1.30 1.40 5.34e-02±2.56e-03 ±1.06e-02 3.80e-02 ±1.39e-03 ±7.35e-03 2.21e-02 ±1.05e-03 ±3.95e-03
1.40 1.50 3.68e-02±2.01e-03 ±7.41e-03 2.63e-02 ±1.04e-03 ±5.05e-03 1.54e-02 ±8.22e-04 ±2.73e-03
1.50 1.60 2.81e-02±1.62e-03 ±5.38e-03 1.99e-02 ±7.92e-04 ±3.63e-03 1.10e-02 ±6.52e-04 ±1.90e-03
1.60 1.70 1.90e-02±1.27e-03 ±3.64e-03 1.41e-02 ±5.99e-04 ±2.49e-03 7.57e-03 ±5.21e-04 ±1.29e-03
1.70 1.80 1.31e-02±1.00e-03 ±2.47e-03 8.72e-04 ±4.49e-04 ±1.58e-03 5.83e-03 ±4.41e-04 ±9.34e-04
1.80 1.90 8.17e-03±7.74e-04 ±1.59e-03 7.61e-04 ±3.69e-04 ±1.22e-03 4.43e-03 ±3.73e-04 ±6.75e-04
1.90 2.00 5.10e-03±5.99e-04 ±1.02e-03 5.40e-04 ±2.93e-04 ±8.40e-04 2.77e-03 ±2.97e-04 ±4.25e-04

TABLE XXIV. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 14.5 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.50 0.55 9.08e-02 ±3.93e-03 ±1.72e-02 0.50 0.55 4.36e-02 ±2.62e-03 ±6.76e-03
0.55 0.60 8.36e-02 ±3.50e-03 ±1.54e-02 0.55 0.60 3.70e-02 ±2.33e-03 ±5.78e-03
0.60 0.65 7.31e-02 ±3.15e-03 ±1.34e-02 0.60 0.65 3.31e-02 ±2.02e-03 ±5.10e-03
0.65 0.70 6.19e-02 ±2.85e-03 ±1.15e-02 0.65 0.70 2.74e-02 ±1.86e-03 ±4.25e-03
0.70 0.75 5.86e-02 ±2.58e-03 ±1.05e-02 0.70 0.75 2.42e-02 ±1.57e-03 ±3.66e-03
0.75 0.80 5.22e-02 ±2.36e-03 ±9.16e-03 0.75 0.80 2.06e-02 ±1.41e-03 ±3.08e-03
0.80 0.85 4.46e-02 ±2.14e-03 ±7.83e-03 0.80 0.85 1.75e-02 ±1.28e-03 ±2.57e-03
0.85 0.90 3.66e-02 ±1.97e-03 ±6.49e-03 0.85 0.90 1.47e-02 ±1.18e-03 ±2.12e-03
0.90 0.95 3.17e-02 ±1.77e-03 ±5.57e-03 0.90 0.95 1.25e-02 ±1.02e-03 ±1.76e-03
0.95 1.00 2.68e-02 ±1.53e-03 ±4.69e-03 0.95 1.00 1.02e-02 ±9.70e-04 ±1.43e-03
1.00 1.10 1.85e-02 ±1.19e-03 ±3.39e-03
1.10 1.20 1.33e-02 ±9.24e-04 ±2.39e-03
1.20 1.30 9.62e-03 ±7.14e-04 ±1.69e-03
1.30 1.40 6.12e-03 ±5.37e-04 ±1.10e-03
1.40 1.50 3.72e-03 ±4.04e-04 ±6.90e-04
1.50 1.60 2.26e-03 ±3.06e-04 ±4.34e-04
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TABLE XXV. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au colli-

sions at
√

sNN = 19.6 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 0.58±1.24e-02 ±0.15 0.42 ±7.56e-03 ±0.11 0.30 ±6.63e-03 ±6.66e-02
0.45 0.50 0.55±1.17e-02 ±0.12 0.40 ±7.32e-03 ±8.58e-02 0.29 ±6.15e-03 ±5.36e-02
0.50 0.55 0.52±1.11e-02 ±0.10 0.39 ±6.94e-03 ±7.40e-02 0.27 ±5.79e-03 ±4.62e-02
0.55 0.60 0.49±1.05e-02 ±9.14e-02 0.37 ±6.63e-03 ±6.57e-02 0.26 ±7.02e-03 ±6.31e-02
0.60 0.65 0.46±9.90e-03 ±8.09e-02 0.34 ±6.30e-03 ±5.93e-02 0.24 ±6.29e-03 ±5.49e-02
0.65 0.70 0.43±9.33e-03 ±7.29e-02 0.32 ±5.96e-03 ±5.34e-02 0.22 ±4.59e-03 ±3.38e-02
0.70 0.75 0.41±8.68e-03 ±6.63e-02 0.30 ±5.55e-03 ±4.87e-02 0.20 ±4.22e-03 ±3.02e-02
0.75 0.80 0.38±8.13e-03 ±6.05e-02 0.28 ±5.09e-03 ±4.40e-02 0.18 ±3.87e-03 ±2.69e-02
0.80 0.90 0.31±8.12e-03 ±5.17e-02 0.23 ±5.77e-03 ±3.68e-02 0.15 ±3.77e-03 ±2.21e-02
0.90 1.00 0.26±6.82e-03 ±4.26e-02 0.18 ±4.76e-03 ±2.89e-02 0.11 ±3.05e-03 ±1.69e-02
1.00 1.10 0.21±5.59e-03 ±3.39e-02 0.15 ±3.83e-03 ±2.27e-02 8.53e-02 ±2.42e-03 ±1.27e-02
1.10 1.20 0.17±4.51e-03 ±2.64e-02 0.12 ±2.91e-03 ±1.75e-02 6.49e-02 ±1.91e-03 ±9.52e-03
1.20 1.30 0.13±3.63e-03 ±2.04e-02 8.75e-02 ±2.56e-03 ±1.32e-02 4.93e-02 ±1.50e-03 ±7.09e-03
1.30 1.40 9.55e-02±2.85e-03 ±1.50e-02 6.50e-02 ±1.71e-03 ±9.85e-03 3.52e-02 ±1.16e-03 ±5.15e-03
1.40 1.50 6.86e-02±2.20e-03 ±1.12e-02 4.51e-02 ±1.26e-03 ±7.22e-03 2.48e-02 ±8.89e-04 ±3.79e-03
1.50 1.60 4.80e-02±1.72e-03 ±8.50e-03 3.14e-02 ±9.41e-04 ±5.50e-03 1.76e-02 ±6.96e-04 ±2.91e-03
1.60 1.70 3.68e-02±1.37e-03 ±7.17e-03 2.30e-02 ±7.02e-04 ±4.56e-03 1.19e-02 ±5.33e-04 ±2.30e-03
1.70 1.80 2.59e-02±1.07e-03 ±4.96e-03 1.64e-02 ±5.27e-04 ±3.17e-03 8.57e-03 ±4.20e-04 ±1.62e-03
1.80 1.90 1.74e-02±8.39e-04 ±3.32e-03 1.09e-02 ±3.88e-04 ±2.12e-03 5.45e-03 ±3.25e-04 ±1.05e-03
1.90 2.00 1.17e-02±6.57e-04 ±2.23e-03 7.46e-03 ±2.99e-04 ±1.44e-03 3.92e-03 ±2.59e-04 ±7.29e-04

TABLE XXVI. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 19.6 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 0.19 ±5.11e-03 ±3.49e-02 0.40 0.45 8.76e-02 ±3.06e-03 ±1.36e-02
0.45 0.50 0.18 ±4.67e-03 ±2.74e-02 0.45 0.50 7.98e-02 ±2.76e-03 ±1.04e-02
0.50 0.55 0.16 ±4.31e-03 ±2.33e-02 0.50 0.55 6.81e-02 ±2.47e-03 ±8.44e-03
0.55 0.60 0.14 ±3.95e-03 ±2.01e-02 0.55 0.60 5.93e-02 ±2.24e-03 ±7.20e-03
0.60 0.65 0.13 ±3.56e-03 ±1.79e-02 0.60 0.65 5.15e-02 ±2.00e-03 ±6.23e-03
0.65 0.70 0.11 ±3.25e-03 ±1.56e-02 0.65 0.70 4.27e-02 ±1.77e-03 ±5.22e-03
0.70 0.75 9.84e-02 ±2.93e-03 ±1.35e-02 0.70 0.75 3.60e-02 ±1.58e-03 ±4.45e-03
0.75 0.80 8.58e-02 ±2.64e-03 ±1.18e-02 0.75 0.80 3.06e-02 ±1.41e-03 ±3.77e-03
0.80 0.90 6.76e-02 ±2.55e-03 ±9.32e-03 0.80 0.90 2.16e-02 ±1.16e-03 ±2.76e-03
0.90 1.00 4.79e-02 ±1.97e-03 ±6.67e-03 0.90 1.00 1.45e-02 ±8.79e-04 ±1.87e-03
1.00 1.10 3.61e-02 ±1.53e-03 ±4.88e-03 1.00 1.10 9.31e-03 ±6.55e-04 ±1.23e-03
1.10 1.20 2.56e-02 ±1.16e-03 ±3.44e-03 1.10 1.20 6.68e-03 ±5.00e-04 ±8.43e-04
1.20 1.30 1.87e-02 ±8.86e-04 ±2.48e-03 1.20 1.30 4.84e-03 ±4.00e-04 ±5.93e-04
1.30 1.40 1.26e-02 ±6.65e-04 ±1.70e-03 1.30 1.40 3.00e-03 ±2.88e-04 ±3.71e-04
1.40 1.50 8.64e-03 ±4.92e-04 ±1.21e-03 1.40 1.50 2.11e-03 ±2.22e-04 ±2.58e-04
1.50 1.60 6.02e-03 ±3.90e-04 ±9.02e-04 1.50 1.60 1.13e-03 ±1.66e-04 ±1.64e-04
1.60 1.70 4.25e-03 ±3.04e-04 ±7.23e-04 1.60 1.70 8.24e-04 ±1.30e-04 ±1.32e-04
1.70 1.80 3.06e-03 ±2.36e-04 ±5.03e-04
1.80 1.90 2.07e-03 ±1.94e-04 ±3.39e-04
1.90 2.00 1.41e-03 ±1.40e-04 ±2.22e-04
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TABLE XXVII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au

collisions at
√

sNN = 27 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 0.82±1.09e-02 ±0.23 0.56 ±8.25e-03 ±0.15 0.46 ±6.44e-03 ±9.58e-02
0.45 0.50 0.77±1.16e-02 ±0.18 0.56 ±8.06e-03 ±0.11 0.43 ±6.01e-03 ±7.63e-02
0.50 0.55 0.73±1.10e-02 ±0.15 0.55 ±7.82e-03 ±0.10 0.41 ±5.67e-03 ±6.64e-02
0.55 0.60 0.69±1.10e-02 ±0.13 0.52 ±7.55e-03 ±9.44e-02 0.38 ±5.35e-03 ±5.96e-02
0.60 0.65 0.65±9.90e-03 ±0.12 0.49 ±7.13e-03 ±8.42e-02 0.35 ±4.98e-03 ±5.36e-02
0.65 0.70 0.59±9.48e-03 ±0.10 0.45 ±6.64e-03 ±7.57e-02 0.32 ±4.69e-03 ±4.85e-02
0.70 0.75 0.56±8.91e-03 ±9.47e-02 0.43 ±6.21e-03 ±7.00e-02 0.29 ±4.24e-03 ±4.36e-02
0.75 0.80 0.53±8.26e-03 ±8.65e-02 0.42 ±5.78e-03 ±6.46e-02 0.26 ±3.92e-03 ±3.93e-02
0.80 0.90 0.48±9.00e-03 ±7.60e-02 0.36 ±6.85e-03 ±5.48e-02 0.22 ±4.13e-03 ±3.31e-02
0.90 1.00 0.40±7.57e-03 ±6.25e-02 0.30 ±5.63e-03 ±4.39e-02 0.17 ±3.41e-03 ±2.58e-02
1.00 1.10 0.33±6.20e-03 ±4.99e-02 0.23 ±4.48e-03 ±3.43e-02 0.13 ±2.71e-03 ±1.97e-02
1.10 1.20 0.26±4.99e-03 ±3.90e-02 0.18 ±3.55e-03 ±2.65e-02 0.10 ±2.14e-03 ±1.48e-02
1.20 1.30 0.20±3.93e-03 ±3.03e-02 0.14 ±2.75e-03 ±2.02e-02 7.50e-02 ±1.65e-03 ±1.09e-02
1.30 1.40 0.15±3.08e-03 ±2.32e-02 0.10 ±2.07e-03 ±1.53e-02 5.55e-02 ±1.27e-03 ±8.16e-03
1.40 1.50 0.12±2.39e-03 ±1.78e-02 7.70e-02 ±1.55e-03 ±1.17e-02 4.05e-02 ±9.71e-04 ±6.14e-03
1.50 1.60 8.48e-02±1.86e-03 ±1.41e-02 5.68e-02 ±1.16e-03 ±9.28e-03 3.02e-02 ±7.36e-04 ±4.87e-03
1.60 1.70 6.24e-02±1.43e-03 ±1.18e-02 4.00e-02 ±8.52e-04 ±7.63e-03 2.11e-02 ±5.60e-04 ±3.96e-03
1.70 1.80 4.45e-02±1.11e-03 ±8.28e-03 2.92e-02 ±6.28e-04 ±5.44e-03 1.50e-02 ±4.26e-04 ±2.76e-03
1.80 1.90 3.18e-02±8.61e-04 ±5.79e-03 2.01e-02 ±4.65e-04 ±3.76e-03 1.07e-02 ±3.29e-04 ±1.93e-03
1.90 2.00 2.24e-02±6.77e-04 ±4.02e-03 1.45e-02 ±3.46e-04 ±2.65e-03 7.63e-03 ±2.58e-04 ±1.34e-03

TABLE XXVIII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-60% and 60-80% Au+Au collisions

at
√

sNN = 27 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 0.22 ±5.35e-03 ±5.12e-02 0.40 0.45 0.10 ±2.66e-03 ±1.89e-02
0.45 0.50 0.21 ±4.94e-03 ±4.05e-02 0.45 0.50 9.61e-02 ±2.44e-03 ±1.44e-02
0.50 0.55 0.20 ±4.47e-03 ±3.44e-02 0.50 0.55 8.54e-02 ±2.18e-03 ±1.18e-02
0.55 0.60 0.19 ±4.15e-03 ±2.97e-02 0.55 0.60 7.34e-02 ±1.94e-03 ±9.74e-03
0.60 0.65 0.17 ±3.73e-03 ±2.61e-02 0.60 0.65 6.39e-02 ±1.73e-03 ±8.28e-03
0.65 0.70 0.15 ±3.31e-03 ±2.26e-02 0.65 0.70 5.46e-02 ±1.56e-03 ±7.00e-03
0.70 0.75 0.14 ±3.02e-03 ±1.96e-02 0.70 0.75 4.62e-02 ±1.38e-03 ±5.88e-03
0.75 0.80 0.12 ±2.71e-03 ±1.71e-02 0.75 0.80 3.85e-02 ±1.19e-03 ±4.91e-03
0.80 0.90 9.88e-02 ±2.75e-03 ±1.37e-02 0.80 0.90 3.02e-02 ±1.07e-03 ±3.83e-03
0.90 1.00 7.52e-02 ±2.14e-03 ±1.02e-02 0.90 1.00 2.11e-02 ±8.26e-04 ±2.68e-03
1.00 1.10 5.43e-02 ±1.64e-03 ±7.35e-03 1.00 1.10 1.41e-02 ±6.09e-04 ±1.83e-03
1.10 1.20 3.92e-02 ±1.24e-03 ±5.31e-03 1.10 1.20 9.50e-03 ±4.54e-04 ±1.24e-03
1.20 1.30 2.80e-02 ±9.25e-04 ±3.81e-03 1.20 1.30 6.44e-03 ±3.37e-04 ±8.51e-04
1.30 1.40 2.00e-02 ±6.99e-04 ±2.75e-03 1.30 1.40 4.53e-03 ±2.57e-04 ±5.91e-04
1.40 1.50 1.44e-02 ±5.33e-04 ±2.05e-03 1.40 1.50 3.13e-03 ±2.00e-04 ±4.13e-04
1.50 1.60 9.88e-03 ±3.98e-04 ±1.54e-03 1.50 1.60 1.93e-03 ±1.44e-04 ±2.87e-04
1.60 1.70 6.88e-03 ±3.00e-04 ±1.23e-03 1.60 1.70 1.35e-03 ±1.16e-04 ±2.20e-04
1.70 1.80 4.57e-03 ±2.30e-04 ±8.23e-04 1.70 1.80 9.01e-04 ±9.50e-05 ±1.47e-04
1.80 1.90 3.23e-03 ±1.79e-04 ±5.59e-04
1.90 2.00 2.22e-03 ±1.41e-04 ±3.78e-04
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TABLE XXIX. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au

collisions at
√

sNN = 39 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.40 0.45 1.11±1.08e-02 ±0.28 0.74 ±8.59e-03 ±0.18 0.56 ±5.92e-03 ±0.12
0.45 0.50 1.08±1.05e-02 ±0.23 0.73 ±8.27e-03 ±0.15 0.54 ±5.68e-03 ±9.76e-02
0.50 0.55 1.04±1.01e-02 ±0.20 0.72 ±8.07e-03 ±0.13 0.51 ±5.39e-03 ±8.55e-02
0.55 0.60 1.02±9.65e-03 ±0.18 0.70±7.68e-03 ±0.12 0.49 ±5.15e-03 ±7.78e-02
0.60 0.65 1.00±9.29e-03 ±0.16 0.67±7.35e-03 ±0.11 0.46 ±4.78e-03 ±7.11e-02
0.65 0.70 0.91±8.73e-03 ±0.15 0.63 ±6.93e-03 ±0.10 0.43 ±4.43e-03 ±6.48e-02
0.70 0.75 0.87±8.30e-03 ±0.13 0.59 ±6.52e-03 ±9.36e-02 0.39 ±4.13e-03 ±5.88e-02
0.75 0.80 0.82±7.78e-03 ±0.12 0.56 ±6.09e-03 ±8.63e-02 0.36 ±3.77e-03 ±5.32e-02
0.80 0.90 0.73±8.89e-03 ±0.11 0.50 ±7.44e-03 ±7.46e-02 0.31 ±4.26e-03 ±4.46e-02
0.90 1.00 0.61±7.47e-03 ±8.85e-02 0.41 ±6.15e-03 ±6.00e-02 0.24 ±3.53e-03 ±3.50e-02
1.00 1.10 0.50±6.19e-03 ±7.10e-02 0.33 ±4.91e-03 ±4.74e-02 0.19 ±2.80e-03 ±2.71e-02
1.10 1.20 0.40±4.97e-03 ±5.64e-02 0.26 ±3.88e-03 ±3.69e-02 0.15 ±2.18e-03 ±2.05e-02
1.20 1.30 0.31±3.93e-03 ±4.38e-02 0.20 ±3.00e-03 ±2.84e-02 0.11 ±1.70e-03 ±1.54e-02
1.30 1.40 0.23±3.06e-03 ±3.36e-02 0.15 ±2.28e-03 ±2.16e-02 8.06e-02 ±1.28e-03 ±1.15e-02
1.40 1.50 0.17±2.34e-03 ±2.59e-02 0.11 ±1.71e-03 ±1.66e-02 5.75e-02 ±9.68e-04 ±8.67e-03
1.50 1.60 0.12±1.78e-03 ±2.05e-02 8.09e-02 ±1.26e-03 ±1.31e-02 4.04e-02 ±7.22e-04 ±6.72e-03
1.60 1.70 8.98e-02±1.35e-03 ±1.71e-02 5.90e-02 ±9.39e-04 ±1.10e-02 2.86e-02 ±5.33e-04 ±5.55e-03
1.70 1.80 6.41e-02±1.02e-03 ±1.21e-02 4.26e-02 ±6.75e-04 ±7.86e-03 2.00e-02 ±4.00e-04 ±3.87e-03
1.80 1.90 4.62e-02±7.67e-04 ±8.57e-03 3.02e-02 ±4.88e-04 ±5.54e-03 1.30e-02 ±2.93e-04 ±2.66e-03
1.90 2.00 3.24e-02±5.82e-04 ±5.96e-03 2.14e-02 ±3.54e-04 ±3.87e-03 9.50e-03 ±2.19e-04 ±1.83e-03

TABLE XXX. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-60% and 60-80% Au+Au collisions at

√
sNN = 39 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-60% 60-80%
0.40 0.45 0.30 ±5.01e-03 ±7.16e-02 0.40 0.45 0.14 ±2.33e-03 ±2.47e-02
0.45 0.50 0.28 ±4.52e-03 ±5.58e-02 0.45 0.50 0.13 ±2.17e-03 ±1.85e-02
0.50 0.55 0.27 ±4.26e-03 ±4.68e-02 0.50 0.55 0.12 ±1.92e-03 ±1.50e-02
0.55 0.60 0.25 ±3.85e-03 ±4.00e-02 0.55 0.60 0.10 ±1.74e-03 ±1.27e-02
0.60 0.65 0.23 ±3.49e-03 ±3.45e-02 0.60 0.65 8.97e-02 ±1.56e-03 ±1.10e-02
0.65 0.70 0.20 ±3.07e-03 ±2.99e-02 0.65 0.70 7.69e-02 ±1.40e-03 ±9.40e-03
0.70 0.75 0.18 ±2.83e-03 ±2.60e-02 0.70 0.75 6.69e-02 ±1.23e-03 ±8.20e-03
0.75 0.80 0.16 ±2.52e-03 ±2.27e-02 0.75 0.80 5.78e-02 ±1.11e-03 ±7.13e-03
0.80 0.90 0.13 ±2.74e-03 ±1.82e-02 0.80 0.90 4.34e-02 ±1.09e-03 ±5.50e-03
0.90 1.00 0.10 ±2.11e-03 ±1.37e-02 0.90 1.00 3.05e-02 ±8.17e-04 ±3.95e-03
1.00 1.10 7.57e-02 ±1.63e-03 ±1.01e-02 1.00 1.10 2.14e-02 ±6.20e-04 ±2.78e-03
1.10 1.20 5.62e-02 ±1.25e-03 ±7.46e-03 1.10 1.20 1.49e-02 ±4.81e-04 ±1.92e-03
1.20 1.30 4.14e-02 ±9.30e-04 ±5.52e-03 1.20 1.30 1.03e-02 ±3.42e-04 ±1.33e-03
1.30 1.40 2.95e-02 ±7.00e-04 ±4.02e-03 1.30 1.40 6.90e-03 ±2.50e-04 ±9.07e-04
1.40 1.50 2.08e-02 ±5.22e-04 ±2.96e-03 1.40 1.50 4.72e-03 ±1.93e-04 ±6.39e-04
1.50 1.60 1.45e-02 ±3.85e-04 ±2.26e-03 1.50 1.60 3.09e-03 ±1.35e-04 ±4.60e-04
1.60 1.70 1.03e-02 ±2.79e-04 ±1.85e-03 1.60 1.70 2.15e-03 ±1.02e-04 ±3.72e-04
1.70 1.80 7.21e-03 ±2.06e-04 ±1.27e-03 1.70 1.80 1.50e-03 ±7.60e-05 ±2.49e-04
1.80 1.90 5.23e-03 ±1.60e-04 ±9.02e-04 1.80 1.90 9.77e-04 ±5.20e-05 ±1.63e-04
1.90 2.00 3.52e-03 ±1.28e-04 ±6.04e-04 1.90 2.00 6.27e-04 ±4.50e-05 ±1.07e-04
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TABLE XXXI. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 0-10%, 10-20% and 20-40% Au+Au

collisions at
√

sNN = 62.4 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

0-10% 10-20% 20-40%
0.50 0.60 0.86 ±0.13 ±0.23 0.78 ±0.11 ±0.18 0.50 ±5.58e-02 ±0.10
0.60 0.70 0.99 ±0.10 ±0.21 0.69 ±8.89e-02 ±0.19 0.51 ±4.96e-02 ±9.12e-02
0.70 0.80 0.99 ±9.11e-02 ±0.19 0.72 ±7.57e-02 ±0.17 0.43 ±3.86e-02 ±7.92e-02
0.80 0.90 0.83 ±7.30e-02 ±0.16 0.55 ±5.96e-02 ±0.14 0.35 ±3.24e-02 ±6.71e-02
0.90 1.00 0.84 ±6.73e-02 ±0.14 0.56 ±5.21e-02 ±0.11 0.32 ±2.82e-02 ±5.51e-02
1.00 1.20 0.76 ±4.10e-02 ±0.11 0.52 ±3.37e-02 ±6.58e-02 0.31 ±1.81e-02 ±4.38e-02
1.20 1.40 0.42 ±2.50e-02 ±6.14e-02 0.30 ±2.04e-02 ±3.37e-02 0.14 ±1.02e-02 ±2.28e-02
1.40 1.60 0.23 ±1.57e-02 ±3.39e-02 0.13 ±1.23e-02 ±1.82e-02 7.40e-02 ±6.35e-03 ±1.20e-02
1.60 1.80 0.12 ±1.01e-02 ±1.79e-02 7.63e-02 ±8.05e-03 ±9.26e-03 4.00e-02 ±3.96e-03 ±6.32e-03
1.80 2.00 6.26e-02 ±6.82e-03 ±9.21e-03 3.65e-02 ±5.28e-03 ±8.33e-03 2.40e-02 ±2.74e-03 ±3.43e-03
2.00 2.50 2.43e-02 ±2.45e-03 ±3.62e-03 2.81e-02 ±1.93e-03 ±3.07e-03 9.00e-03 ±9.52e-04 ±1.15e-03
2.50 3.00 3.88e-03 ±4.68e-04 ±8.23e-04 2.62e-03 ±3.49e-04 ±5.67e-04 2.00e-03 ±7.50e-05 ±3.46e-04

TABLE XXXII. Invariant pT spectra ( 1
2π

d2N
pT d pT dy±stat±sys (GeV/c)−2) of primordial antiprotons in 40-80% Au+Au collisions at

√
sNN =

62.4 GeV.

plow
T phigh

T
1

2π

d2N
pT dyd pT

40-80%
0.50 0.60 0.20 ±2.51e-02 ±3.29e-02
0.60 0.70 0.14 ±1.78e-02 ±2.60e-02
0.70 0.80 0.12 ±1.49e-02 ±2.15e-02
0.80 0.90 8.72e-02 ±1.12e-02 ±1.66e-02
0.90 1.00 8.65e-02 ±1.01e-02 ±1.42e-02
1.00 1.20 6.29e-02 ±5.73e-03 ±9.72e-03
1.20 1.40 2.68e-02 ±3.25e-03 ±4.74e-03
1.40 1.60 1.33e-02 ±1.92e-03 ±2.43e-03
1.60 1.80 6.66e-03 ±1.21e-03 ±1.21e-03
1.80 2.00 3.16e-03 ±7.18e-04 ±5.61e-04
2.00 2.50 1.68e-03 ±3.09e-04 ±2.08e-04
2.50 3.00 3.54e-04 ±3.90e-05 ±6.40e-05
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Appendix C: Integral dN/dy of primordial (anti)protons and feed-down fractions

TABLE XXXIII. Summary of extracted yield dN/dy of the primordial protons for Au+Au collisions at each collision energy (GeV). The first
error on dN/dy is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) dN/dy
0-10% 10-20% 20-40%

7.7 38.26±0.11±5.61 25.37±0.05±3.88 15.38±0.05±2.66
11.5 28.82±0.07±4.83 18.70±0.04±3.30 10.60±0.03±2.10
14.5 26.03±0.07±4.41 17.48±0.05±2.92 9.55±0.04±1.66
19.6 20.96±0.06±4.20 14.80±0.04±3.00 7.99±0.03±1.83
27 19.28±0.04±3.56 12.63±0.03±2.47 7.17±0.02±1.59
39 15.53±0.03±2.78 10.56±0.03±2.05 6.20±0.02±1.35

54.4 14.38±0.11±1.42 9.45 ±0.09±0.94 5.28±0.05±0.56
62.4 16.11±0.24±1.63 11.10±0.20±1.05 5.91±0.05±0.82
200 15.85±0.98±1.99 12.43±0.84±1.47 7.40±0.46±0.76

TABLE XXXIV. Summary of extracted yield dN/dy of the primordial protons for Au+Au collisions at each collision energy (GeV). The first
error on dN/dy is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) dN/dy
40-60% 60-80%

7.7 5.95±0.04±1.44 1.77±0.02±0.65
11.5 4.18±0.02±1.16 1.14±0.01±0.53
14.5 3.54±0.02±0.61 0.93±0.01±0.16
19.6 3.20±0.02±0.95 0.97±0.01±0.42
27 3.05±0.01±0.88 (9.08±0.06±4.36)×10−1

39 2.53±0.01±0.77 (7.98±0.04±3.57)×10−1

54.4 2.10±0.03±0.22 (6.28±0.15±0.60)×10−1

62.4 1.52±0.03±0.15
200 3.46±0.21±0.32 1.15±0.08±0.12

TABLE XXXV. Summary of extracted yield dN/dy of the primordial antiprotons for Au+Au collisions at each collision energy (GeV). The
first error on dN/dy is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) dN/dy
0-10% 10-20% 20-40%

7.7 (1.60±0.15±0.48)×10−1 (1.22±0.06±0.36)×10−1 (7.69±0.62±2.53)×10−2

11.5 (6.64±0.22±1.79)×10−1 (4.61±0.11±1.28)×10−1 (2.88±0.10±0.91)×10−1

14.5 1.33±0.02±0.26 (9.56±0.11±2.16)×10−1 (6.53±0.15±1.05)×10−1

19.6 2.05±0.02±0.51 1.44±0.01±0.38 (9.38±0.10±2.64)×10−1

27 3.02±0.02±0.70 2.13±0.01±0.52 1.35±0.01±0.36
39 4.51±0.01±0.98 2.90±0.01±0.70 1.88±0.01±0.49
62.4 5.24±0.13±1.11 3.82±0.11±0.79 2.53±0.03±0.31
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TABLE XXXVI. Summary of extracted yield dN/dy of the primordial antiprotons for Au+Au collisions at each collision energy (GeV). The
first error on dN/dy is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) dN/dy
40-60% 60-80%

7.7 (3.98±0.48±1.60)×10−2 (1.58±0.25±0.80)×10−2

11.5 (1.04±0.04±0.59)×10−1 (4.56±0.37±3.25)×10−2

14.5 (2.87±0.06±0.56)×10−1 (8.71±0.36±1.52)×10−2

19.6 (4.71±0.05±1.64)×10−1 (1.84±0.04±0.86)×10−1

27 (6.18±0.06±2.25)×10−1 (2.30±0.03±1.27)×10−1

39 (8.76±0.04±3.06)×10−1 (3.23±0.02±1.59)×10−1

62.4 (6.49±0.23±7.86)×10−1

TABLE XXXVII. Summary of extracted feed-down fractions based on the data driven method for Au+Au collisions at each collision energy
(GeV). The first error on fraction is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) Proton feed-down fraction (%)
0-10% 10-20% 20-40%

7.7 23.76±0.12±2.97 24.00±0.13±3.05 21.15±0.12±3.08
11.5 27.19±0.09±3.62 28.32±0.11±3.85 28.33±0.12±4.26
14.5 27.18±0.17±3.88 28.03±0.20±3.63 28.04±0.20±3.75
19.6 32.68±0.17±4.63 31.63±0.20±4.58 33.10±0.21±5.37
27 33.07±0.15±4.33 34.15±0.18±4.63 34.18±0.17±5.23
39 36.19±0.13±4.42 37.72±0.16±4.92 36.16±0.15±5.22
54.4 39.08±0.26±2.98 39.68±0.33±3.01 40.34±0.33±3.47
62.4 41.20±0.00±4.25 38.99±0.00±3.88 38.42±0.00±3.09
200 44.00±2.58±5.48 37.15±2.40±4.37 37.08±2.18±4.63

TABLE XXXVIII. Summary of extracted feed-down fractions based on the data driven method for Au+Au collisions at each collision energy
(GeV). The first error on fraction is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) Proton feed-down fraction (%)
40-60% 60-80%

7.7 19.07±0.19±3.86 15.14±0.23±4.77
11.5 27.07±0.19±5.63 27.04±0.28±9.19
14.5 27.22±0.33±3.95 24.85±0.44±4.30
19.6 29.65±0.32±6.40 25.13±0.39±8.28
27 30.49±0.27±6.31 27.21±0.34±9.76
39 32.95±0.23±6.72 29.68±0.31±9.72
54.4 38.94±0.57±3.25 35.81±0.89±3.15
62.4 31.44±2.34
200 30.31±1.77±4.03 32.57±2.29±1.62

TABLE XXXIX. Summary of extracted feed-down fractions based on the data driven method for Au+Au collisions at each collision energy
(GeV). The first error on fraction is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) Antiproton feed-down fraction (%)
0-10% 10-20% 20-40%

7.7 55.43±2.26±7.99 52.93±1.19±8.06 53.19±2.02±8.57
11.5 49.51±0.85±7.42 51.43±0.64±7.39 51.47±0.85±8.24
14.5 42.53±0.46±6.27 42.14±0.36±7.44 39.12±0.59±4.84
19.6 45.62±0.32±6.62 47.12±0.30±6.88 44.99±0.32±7.26
27 45.53±0.24±6.31 47.09±0.23±6.51 44.88±0.25±6.88
39 43.10±0.13±5.82 46.45±0.16±6.34 44.42±0.15±6.76
62.4 45.89±4.50 47.01±3.78 47.00±3.97



26

TABLE XL. Summary of extracted feed-down fractions based on the data driven method for Au+Au collisions at each collision energy (GeV).
The first error on fraction is the statistical uncertainty and the second one is the systematic uncertainty.

Collision energy (GeV) Antiproton feed-down fraction (%)
40-60% 60-80%

7.7 48.36±3.03±10.45 37.13±3.64±12.74
11.5 61.82±1.03±13.60 52.04±2.05±18.04
14.5 39.12±0.62±5.07 36.51±1.11±4.47
19.6 39.20±0.38±8.51 30.81±0.55±10.17
27 44.53±0.35±9.27 35.94±0.42±12.89
39 41.67±0.24±8.76 33.73±0.31±11.11
62.4 49.19±3.94
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Appendix D: Fraction of the measured and extrapolated yield for primordial proton, deuteron, and triton

TABLE XLI. Fraction of the measured and extrapolated yield for primordial proton at 0-10% centrality in Au+Au collisions at
√

sNN = 7.7 -
200 GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Proton 0-10%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.4 - 2.0 GeV/c
7.7 80.32% 18.09% 1.59%
11.5 80.09% 18.42% 1.49%

Measured range pT = 0.5 - 2.0 GeV/c
14.5 72.54% 25.57% 1.89%

Measured range pT = 0.4 - 2.0 GeV/c
19.6 80.94% 17.03% 2.03%
27 81.18% 16.57% 2.25%
39 81.50% 15.67% 2.83%

Measured range pT = 0.4 - 2.2 GeV/c
54.4 82.67% 15.80% 1.53%

Measured range pT = 0.5 - 3.0 GeV/c
62.4 80.14% 19.74% 0.12%

Measured range pT = 0.5 - 12.0 GeV/c
200 86.18% 13.82% 0

TABLE XLII. Fraction of the measured and extrapolated yield for primordial proton at 10-20% centrality in Au+Au collisions at
√

sNN = 7.7
- 200 GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Proton 10-20%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.4 - 2.0 GeV/c
7.7 79.09% 19.82% 1.09%
11.5 79.92% 18.70% 1.38%

Measured range pT = 0.5 - 2.0 GeV/c
14.5 71.94% 26.42% 1.64%

Measured range pT = 0.4 - 2.0 GeV/c
19.6 80.73% 17.40% 1.87%
27 80.90% 17.12% 1.98%
39 81.26% 16.30% 2.44%

Measured range pT = 0.4 - 2.2 GeV/c
54.4 82.54% 16.08% 1.38%

Measured range pT = 0.5 - 3.0 GeV/c
62.4 81.13% 18.68% 0.19%

Measured range pT = 0.5 - 10.0 GeV/c
200 86.05% 13.95% 0
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TABLE XLIII. Fraction of the measured and extrapolated yield for primordial proton 20-40% centrality in Au+Au collisions at
√

sNN = 7.7 -
200 GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Proton 20-40%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.4 - 2.0 GeV/c
7.7 78.48% 20.64% 0.88%
11.5 79.33% 19.57% 1.10%

Measured range pT = 0.5 - 2.0 GeV/c
14.5 71.02% 27.62% 1.36%

Measured range pT = 0.4 - 2.0 GeV/c
19.6 79.24% 19.64% 1.12%
27 80.27% 18.22% 1.51%
39 80.78% 17.32% 1.90%

Measured range pT = 0.4 - 2.2 GeV/c
54.4 82.07% 16.78% 1.15%

Measured range pT = 0.5 - 3.0 GeV/c
62.4 78.62% 21.18% 0.20%

Measured range pT = 0.5 - 10.0 GeV/c
200 83.03% 16.97% 0

TABLE XLIV. Fraction of the measured and extrapolated yield for primordial proton at 40-60% centrality in Au+Au collisions at
√

sNN = 7.7
- 200 GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Proton 40-60%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.4 - 2.0 GeV/c
7.7 73.76% 25.73% 0.51%
11.5 72.87% 26.47% 0.66%

Measured range pT = 0.5 - 2.0 GeV/c
14.5 70.20% 28.67% 1.13%

Measured range pT = 0.4 - 2.0 GeV/c
19.6 74.49% 24.52% 0.99%
27 78.68% 20.44% 0.88%
39 77.04% 21.25% 1.71%

Measured range pT = 0.4 - 2.2 GeV/c
54.4 82.56% 16.57% 0.87%

Measured range pT = 0.5 - 3.0 GeV/c
62.4(40-80%) 74.29% 25.61% 0.10%

Measured range pT = 0.5 - 10.0 GeV/c
200 79.39% 20.61% 0
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TABLE XLV. Fraction of the measured and extrapolated yield for primordial proton at 60-80% centrality in Au+Au collisions at
√

sNN = 7.7
- 200 GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Proton 60-80%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.4 - 2.0 GeV/c
7.7 68.31% 31.48% 0.21%
11.5 70.12% 29.57% 0.31%

Measured range pT = 0.5 - 2.0 GeV/c
14.5 66.60% 33.03% 0.37%

Measured range pT = 0.4 - 2.0 GeV/c
19.6 71.69% 27.82% 0.49%
27 72.63% 26.81% 0.56%
39 72.84% 26.50% 0.66%

Measured range pT = 0.4 - 2.2 GeV/c
54.4 75.74% 23.75% 0.51%

Measured range pT = 0.5 - 3.0 GeV/c
62.4(40-80%) 74.29% 25.61% 0.10%

Measured range pT = 0.5 - 8.0 GeV/c
200 71.72% 28.28% 0

TABLE XLVI. Fraction of the measured and extrapolated yield for deuteron at 0-10% centrality in Au+Au collisions at
√

sNN = 7.7 - 200
GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Deuteron 0-10%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.6 - 4.8 GeV/c
7.7 84.53% 15.46% 2.52e-3%
11.5 84.61% 15.38% 5.47e-3%
14.5 84.49% 15.50% 5.72e-3%
19.6 85.91% 14.08% 5.42e-3%
27 86.11% 13.88% 0.01%
39 87.44% 12.55% 7.85e-3%

Measured range pT = 0.6 - 5.0 GeV/c
54.4 87.04% 12.95% 6.46e-3%

Measured range pT = 0.6 - 4.8 GeV/c
62.4 87.87% 12.11% 0.02%

Measured range pT = 1.0 - 4.8 GeV/c
200 73.78% 26.16% 0.06%

TABLE XLVII. Fraction of the measured and extrapolated yield for deuteron at 10-20% centrality in Au+Au collisions at
√

sNN = 7.7 - 200
GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Deuteron 10-20%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.6 - 4.8 GeV/c
7.7 83.56% 16.43% 1.80e-3%
11.5 83.89% 16.10% 3.34e-3%
14.5 83.48% 16.51% 4.83e-3%
19.6 84.46% 15.53% 4.45e-3%
27 84.93% 15.06% 9.47e-3%
39 86.32% 13.67% 9.50e-3%

Measured range pT = 0.6 - 5.0 GeV/c
54.4 87.06% 12.93% 6.13e-3%

Measured range pT = 0.6 - 4.8 GeV/c
62.4 86.93% 13.05% 0.02%

Measured range pT = 0.8 - 4.8 GeV/c
200 81.41% 18.53% 0.06%
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TABLE XLVIII. Fraction of the measured and extrapolated yield for deuteron at 20-40% centrality in Au+Au collisions at
√

sNN = 7.7 - 200
GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Deuteron 20-40%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.6 - 4.8 GeV/c
7.7 80.24% 19.75% 1.19e-3%
11.5 80.57% 19.42% 2.82e-3%
14.5 81.18% 18.81% 2.95e-3%
19.6 81.80% 18.19% 4.24e-3%
27 82.50% 17.49% 7.14e-3%
39 83.75% 16.24% 8.68e-3%

Measured range pT = 0.6 - 5.0 GeV/c
54.4 84.70% 15.29% 4.12e-3%

Measured range pT = 0.6 - 4.8 GeV/c
62.4 84.34% 15.65% 9.48e-3%
200 87.59% 12.37% 0.04%

TABLE XLIX. Fraction of the measured and extrapolated yield for deuteron at different 40-60% centrality in Au+Au collisions at
√

sNN =
7.7 - 200 GeV. For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Deuteron 40-60%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.6 - 4.0 GeV/c
7.7 73.24% 26.75% 8.55e-3%
11.5 74.81% 25.18% 0.01%
14.5 74.83% 25.15% 0.02%
19.6 75.54% 24.44% 0.02%
27 76.87% 23.10% 0.03%

Measured range pT = 0.6 - 4.8 GeV/c
39 78.12% 21.87% 3.23e-3%

Measured range pT = 0.6 - 4.6 GeV/c
54.4 79.0% 20.99% 7.30e-3%

Measured range pT = 0.6 - 4.8 GeV/c
62.4 79.93% 20.06% 3.75e-3%

Measured range pT = 1.0 - 4.8 GeV/c
200 56.57% 43.40% 0.03%

TABLE L. Fraction of the measured and extrapolated yield for deuteron at 60-80% centrality in Au+Au collisions at
√

sNN = 7.7 - 200 GeV.
For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Deuteron 60-80%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 0.6 - 2.8 GeV/c
7.7 65.22% 34.70% 0.08%

Measured range pT = 0.6 - 3.2 GeV/c
11.5 67.97% 31.99% 0.04%
14.5 67.94% 32.02% 0.04%
19.6 69.31% 30.64% 0.05%

Measured range pT = 0.6 - 4.0 GeV/c
27 70.04% 29.95% 3.18e-3%
39 72.16% 27.83% 5.82e-3%

Measured range pT = 0.6 - 3.8 GeV/c
54.4 73.01% 26.97% 0.02%

Measured range pT = 0.6 - 4.0 GeV/c
62.4 73.35% 26.64% 8.15e-3%

Measured range pT = 1.0 - 4.0 GeV/c
200 47.19% 52.77% 0.04%
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TABLE LI. Fraction of the measured and extrapolated yield for triton at 0-10% centrality in Au+Au collisions at
√

sNN = 7.7 - 200 GeV. For
the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Triton 0-10%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 1.2 - 4.2 GeV/c
7.7 68.27% 31.58% 0.15%
11.5 68.84% 30.75% 0.41%
14.5 69.41% 30.32% 0.27%
19.6 68.84% 30.66% 0.50%
27 69.93% 29.28% 0.79%
39 72.22% 27.33% 0.45%
54.4 73.80% 25.60% 0.60%

Measured range pT = 1.2 - 3.0 GeV/c
62.4 64.84% 26.50% 8.66%

Measured range pT = 1.5 - 3.0 GeV/c
200 52.75% 34.22% 13.03%

TABLE LII. Fraction of the measured and extrapolated yield for triton at 10-20% centrality in Au+Au collisions at
√

sNN = 7.7 - 200 GeV.
For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Triton 10-20%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 1.2 - 4.2 GeV/c
7.7 63.31% 36.58% 0.11%
11.5 65.64% 34.13% 0.23%
14.5 63.53% 36.22% 0.25%
19.6 67.35% 32.30% 0.35%
27 68.29% 31.31% 0.40%
39 70.03% 29.66% 0.31%
54.4 71.15% 28.42% 0.43%

Measured range pT = 1.2 - 3.0 GeV/c
62.4 63.80% 30.85% 5.35%

Measured range pT = 1.5 - 3.0 GeV/c
200 53.82% 38.55% 7.63%

TABLE LIII. Fraction of the measured and extrapolated yield for triton at 20-40% centrality in Au+Au collisions at
√

sNN = 7.7 - 200 GeV.
For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Triton 20-40%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 1.2 - 4.2 GeV/c
7.7 56.93% 42.93% 0.14%
11.5 57.91% 41.99% 0.10%
14.5 58.51% 41.37% 0.12%
19.6 61.26% 38.61% 0.13%
27 64.48% 35.23% 0.29%
39 63.56% 36.14% 0.30%
54.4 65.40% 34.31% 0.29%

Measured range pT = 1.2 - 3.0 GeV/c
62.4 63.89% 30.81% 5.30%

Measured range pT = 1.5 - 3.0 GeV/c
200 51.26% 40.44% 8.30%
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TABLE LIV. Fraction of the measured and extrapolated yield for triton at 40-80% centrality in Au+Au collisions at
√

sNN = 7.7 - 200 GeV.
For the extrapolation, a Blast-Wave fit is used in all cases.

Collision energy (GeV)
Triton 40-80%

Measured dN/dy Extrapolated dN/dy
Low pT High pT

Measured range pT = 1.2 - 3.6 GeV/c
7.7 40.50% 58.90% 0.60%
11.5 43.99% 55.76% 0.25%
14.5 44.56% 55.19% 0.25%
19.6 46.91% 52.66% 0.43%
27 49.46% 50.28% 0.26%
39 48.38% 51.20% 0.42%
54.4 48.92% 50.57% 0.51%

Measured range pT = 1.2 - 3.0 GeV/c
62.4 57.44% 39.87% 2.69%

Measured range pT = 1.5 - 3.0 GeV/c
200 47.01% 50.21% 2.78%
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