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Abstract6

Cumulants up to the sixth-order of the net-particle multiplicity distributions were7

measured at RHIC for the Beam Energy Scan and fixed-target program, from which8

we obtained some interesting hints on the phase structure. In this article, we present9

recent experimental results on (net-)proton cumulants and discuss current interpre-10

tations on the QCD critical point and the nature of the phase transition. We will11

also report recent attempt for measurements of the bayron-strangeness correlations,12

which is measured with the newly-developed method to remove the effect from the13

combinatorial backgrounds for hyperon reconstructions.14

1 Introduction15

One of the ultimate goals in heavy-ion collision experiments is to understand the phase16

structure of the matter described by Quantum ChromoDynamics (QCD) and the nature of17

the phase transition. Figure 1 depicts a conjectured phase diagram for the QCD matter [1]18
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Figure 1: The conjectured QCD phase diagram with respect to the baryon chemical po-

tential and temperature [1]. The energies and ranges represent collision energies from the

experimental programs at RHIC and LHC.

with respect to temperature T (MeV) and baryon chemical potential µB (MeV). In the19

QCD phase diagram, there are two phases of the hadronic gas and quark-gluon plasma20

(QGP), which are the confined and deconfined states of quarks and gluons, respectively.21

According to the lattice QCD calculations, the phase transition between QGP and the22

hadronic gas is a smooth crossover [2] at vanishing baryon chemical potential, µB = 0,23

while model calculations predicts 1st-order phase transition at large µB region [3]. If the24

1st-order phase transition exists, the connecting point to the crossover may also exist,25

which is a QCD critical point.26

To explore the QCD phase diagram and elucidate the nature of the phase transition,27

the Beam Energy Scan (BES-I) program [4] was carried out at RHIC from 2010 to 201728

for Au+Au collisions at
√
sNN = 7.7, 11.5, 14.5, 19.6, 27, 39, 54.4, 62.4, and 200 GeV. The29

corresponding baryon chemical potential is around 30 < µB < 400 MeV, which covers wide30

region in the QCD phase diagram. The fixed-target (FXT) experiment was also performed31

for
√
sNN = 3.0 GeV Au+Au collisions at the STAR detector in 2018, where the baryon32

chemical potential has been extended up to 720 MeV.33

Various observables were measured in BES-I, e.g., conserved charge fluctuations [5, 6, 7,34

8] to search for the QCD critical point, directed flow [9] and average transverse mass [10]35

to search for the fist-order phase transition, elliptic flow [11, 12], nuclear modification36

factor [13], dynamical charge correlations [14, 15], dileptons [16] to search for the possible37

boundary of QGP formation. Many of them exhibit interesting trend as a function of the38



collision energy, but their interpretations have been limited by large uncertainties at low39

collision energies.40

In order to improve those results, the phase II of the BES program (BES-II) was41

performed in 2019-2021 at
√
sNN = 7.7, 9.2, 11.5, 13.7, 14.5, 17.3, and 19.6 GeV. The42

FXT experiments were also carried out at
√
sNN = 3.2, 3.5, 3.8, 3.9, 4.5, 5.2, 6.2, and43

7.7 GeV to fill the gap between BES energies and 3 GeV from FXT. In the following44

sections, we will present the measurements of conserved charge fluctuations from BES-I45

and FXT 3 GeV data at RHIC.46

2 Conserved charge fluctuations47

2.1 Cumulants48

Fluctuations of conserved charges are measured in terms of various order of cu-49

mulants. The rth-order cumulant, Cr, is defined by rth-derivatives of cumulant gen-50

erating function [17], which is expressed by moments as: C1 = ⟨N⟩, C2 = ⟨(δN)2⟩,51

C3 = ⟨(δN)3⟩, C4 = ⟨(δN)4⟩ − 3⟨(δN)2⟩2, C5 = ⟨(δN)5⟩ − 10⟨(δN)2⟩⟨(δN)3⟩, C6 =52

⟨(δN)6⟩ + 30⟨(δN)2⟩3 − 15⟨(δN)2⟩⟨(δN)3⟩, where N is the number of net-particles of a53

conserved charge measured within the experimental acceptance and the bracket represents54

the event average. Another notation, ⟨N r⟩c = Cr, will also be used in following sections,55

where the subscript c represents the cumulant. Similarly, the 2nd-order mix-cumulant be-56

tween two conserved quantities can be expressed as: ⟨XY ⟩c = ⟨XY ⟩ − ⟨X⟩⟨Y ⟩, where X57

and Y represent net-particle multiplicities of two different conserved quantities or particle58

species. The cumulants have a volume dependence by definition. To cancel this trivial59

effect, we take the ratio between different orders of cumulants, e.g., C3/C2 and C4/C2.60

These ratios can be directly compared with the corresponding susceptibility ratios from61

theoretical calculations.62

2.2 Analysis techniques63

The event-by-event net-proton multiplicity distributions are shown in Fig. 2 from BES-64

I [5]. We study the precise structures at the tail of the distributions through the measure-65

ments of various order of cumulants. One should keep in mind that these are raw distribu-66

tions which suffer from the experimental artifacts such as the detector efficiency [18, 19],67

initial volume fluctuations [20, 21, 22], pileup events [23, 24], and so on.68

The effect of the detector efficiencies were corrected by using the correction formulas,69

which is derived based on the assumption that detector efficiency follows the binomial70

distribution [25, 26, 19]. The possible deviation from the binomial distribution was stud-71



ied in embedding simulations at Au+Au 200 GeV most central collisions, where we found72

that the efficiencies of the STAR detector can be well describe by the beta-binomial distri-73

bution [6]. The net-proton C4/C2 values corrected for the beta-binomial distribution [27]74

were found to be consistent with those from the binomial efficiency correction within sta-75

tistical uncertainties, and therefore it was concluded that the efficiency distribution of the76

STAR detector was close enough to the binomial distribution within the current statistical77

precision.78

In heavy-ion collisions, the number of participant nucleons and particle multiplicity are79

not one-to-one corresponding, which distorts the cumulants of net-particle distributions.80

This effect is referred to as initial volume fluctuations. The effect was suppressed by81

applying the data-driven approach of the Centrality Bin Width Correction (CBWC) [28,82

29], where the cumulants were calculated at each reference multiplicity bin and averaged83

at each centrality class. It was also confirmed that the CBWC gives consistent results84

with another approach to correct for initial volume fluctuation in an analytical way [30]85

for the BES-I data sets [6]. It should be noted that the neutrons cannot be measured at86

the STAR detector. Thus, we measured net-proton distributions as a proxy of net-baryon87

distributions.88

The fraction of pileup events were much higher for 3.0 GeV data from FXT compared to89

the collider energies from BES-I. We first determined the pileup fraction and the reference90

multiplicity distributions of the single-collision events by using the unfolding approach [31].91

This allowed us to determine the response matrices between single-collision multiplicity92

and that for the pileup events, which was used for the pileup correction of cumulants [24,93

32, 33].94

2.3 Baselines95

Experimentally-measured cumulant ratios of net-proton distributions are compared96

with the baselines. The simplest case is that the protons and antiprotons follow indepen-97

dent Poisson distributions, respectively. Then the resulting net-proton distribution follows98

the Skellam distribution, whose odd-order cumulants becomes µp − µp̄ while even-order99

cumulants are µp+µp̄, where µp and µp̄ denote the mean value of protons and antiprotons.100

As a result, the C4/C2 value for the Skellam distribution becomes unity for all collision101

energies and centralities, and therefore the deviation of the experimental results with re-102

spect to unity indicate the effects of the non-statistical fluctuations. It is also important to103

incorporate the background effects that cannot be avoided in experiments, such as initial104

volume fluctuations and baryon number conservation [34]. These effects are generally sim-105

ulated in hadronic transport model, which is employed as a more realistic baseline than106



Figure 2: Event-by-event raw net-proton multiplicity distributions for Au+Au collisions

at BES-I energies [5].

the Skellam baseline.107

3 Net-proton fluctuations108

3.1 C4/C2 for the critical point search109

Figure 3 shows the collision energy dependence of net-proton C4/C2 in Au+Au most110

central collisions from BES-I [5, 6] and the FXT program at
√
sNN = 3 GeV [32, 33].111

The C4/C2 value is consistent with the Poisson baseline at
√
sNN = 200 GeV while it112

decreases with decreasing the collision energy, then take a minimal value at 19.6 GeV.113

The ratio seems to increase above the Poisson baseline at lower collision energies down to114

7.7 GeV. The collision energy dependence was found to have nonmonotonicity of 3.1 σ.115

The observed nonmonotonic collision energy dependence is qualitatively consistent with116

the model calculation incorporating the QCD critical point [35], and therefore the BES-I117

results could indicate the existence of the critical point at 7.7 ≤ √
sNN ≤ 19.6 GeV. The118

proton C4/C2 values from the HADES experiment at 2.4 GeV [22] and STAR-FXT at119

3.0 GeV are also plotted in Fig. 3. They are consistent with each other within uncertainties.120

The STAR-FXT result can be reproduced by the UrQMD calculations, which indicates121

that the hadronic interactions are dominant at 3 GeV collisions and the QCD critical122

point may only exist at
√
sNN > 3.0 GeV. Further conclusion will be made after the123

completion of the ongoing analysis for the phase II of the BES program (BES-II) and124

FXT at 3.2 ≤ √
sNN ≤ 27 GeV [4].125



Figure 3: Collision energy dependence of (net-)proton C4/C2 for Au+Au most central

collisions from the BES-I and FXT [32]. The golden band and cross represent the UrQMD

calculations. The green band shows the projection of statistical uncertainties for BES-II

energies in the collider mode.

3.2 C6/C2 for the crossover search126

The STAR experiment also measured further higher-order cumulants up to the sixth127

order. Theoretically, the net-baryon C6/C2 is expected to be more sensitive to the QCD128

phase structure than C4/C2, as its sign changes near the phase transition temperature [36].129

The left panel of Fig. 4 shows the centrality dependence of net-proton C6/C2 in Au+Au130

collisions at
√
sNN = 27, 54.4, and 200 GeV [37]. The C6/C2 values from 27 and 54.4 GeV131

are consistent with zero within large uncertainties, while those from 200 GeV are progres-132

sively negative systematically from peripheral to central collisions. These negative signs133

are qualitatively consistent with lattice QCD calculations [38]. Thus, the results from134

200 GeV could indicate the experimental signature of the smooth crossover at RHIC top135

energy. The collision energy dependence of (net-)proton C6/C2 is shown in the right panel136

in Fig. 4 for Au+Au 0-40% and 50-60% collisions. The C6/C2 value from 0-40% centrality137

decreases with decreasing the collision energy down to 7.7 GeV, while it is consistent with138

UrQMD calculations at 3 GeV. The decreasing trend down to 7.7 GeV is qualitatively139

consistent with the FRG model down to 7.7 GeV [39] and lattice QCD calculations down140

to 39 GeV [38], where those calculations include a smooth crossover transition.141



Figure 4: (Left) Centrality dependence of net-proton C6/C2 at 27, 54.4, and 200 GeV

Au+Au collisions [37]. The lattice QCD calculations are from Ref. [38]. (Right) Collision

energy dependence of (net-)proton C6/C2 for Au+Au collisions at 0-40% and 50-60% cen-

tralities [40]. The C6/C2 values for lattice QCD and FRG calculations are from Refs. [38]

and [39].

4 Challenge for baryon-strangeness correlations142

4.1 Previous measurement143

Correlations between two conserved charges are expected to carry important infor-144

mation on the magnetic field formed in non-central heavy-ion collisions [41] as well as145

the temperature of the system [42]. Observables suggested by theories consist of the146

second-order mix-cumulant between net-baryon and net-strangeness, that we call baryon-147

strangeness correlation in the rest of this article. The importance of the baryon-strangeness148

correlations was firstly proposed in Ref. [43] in terms of the correlator CBS = −3
⟨BS⟩c
⟨S2⟩c

,149

where ⟨BS⟩c denotes the baryon-strangeness correlation and ⟨S2⟩c is the 2nd-order net-150

strangeness cumulant. The CBS value is expected to be unity for the ideal QGP while it151

strongly depends on the baryon-chemical potential for the hadronic gas. However, the CBS152

values extracted from previous STAR measurement [44] are between -0.12 and 0.043 for153

7.7 ≤ √
sNN ≤ 200 GeV, which is much smaller than the expectations. According to the154

model calculations [45], the signal of the baryon-strangeness correlations vanish once the155

strange baryons (hyperons) are excluded from the measurements. The CBS values were156

thus very small as only (anti)protons and charged kaons were taken into account as proxies157

of net-baryon and net-strangeness, respectively, in previous STAR measurements.158

To include hyperons in the measurement of event-by-event fluctuations, one has to159

address the issue of the combinatorial backgrounds. As hyperons decay into daughter160



particles before hitting the detector, and therefore the invariant mass technique is usually161

employed to reconstruct hyperons [46]. One can see the signal peak of the hyperons of162

interest and determine the shape of the combinatorial backgrounds by optimizing the cut163

conditions for topological parameters for hyperon reconstructions. Then one can subtract164

the background from the measurement to extract the signal yield and its event average.165

However, it is impossible to identify signal and background particles on a candidate-166

by-candidate basis. Hence, the event-by-event fluctuation measurement of hyperons is167

challenging.168

4.2 New method: Purity correction169

Figure 5 shows a sketch of the invariant mass distribution for Λ. The shape of the170

combinatorial backgrounds is assumed to be flat for simplicity. What we can measure in171

the experiment is always the sum of signal and background particles, mSN = mS +mN ,172

where mSN is the number of signal candidates, mS is the signal particles, and mN is the173

background particles. It is impossible to identify mS and mN on an event-by-event basis.174

The 2nd-order cumulant of signal candidates is expressed as:175

⟨m2
SN ⟩c = ⟨m2

S⟩c + ⟨m2
N ⟩c + 2⟨mSmN ⟩c, (1)

thus,176

⟨m2
S⟩c = ⟨m2

SN ⟩c − ⟨m2
N ⟩c − 2⟨mSmN ⟩c, (2)

where the last two terms on the right-hand side in Eq. (2) cannot be measured experi-177

mentally.178

Let us consider utilizing the sideband particles around the signal peak as the proxy179

of the background particles. Sideband particles, mR,i, are counted at the ith sideband180

windows indicated by dotted lines in Fig. 5. Supposing that the probability distribution181

of sideband particles is consistent with that for the background particles, the following182

relations hold:183

⟨m2
N ⟩c = ⟨m2

R,i⟩c, (3)

⟨mSmN ⟩c = ⟨mSmR,i⟩c, (4)

⟨mNmR,i⟩c = ⟨mR,imR,j⟩c, (i ̸= j). (5)

From Eqs. (2)–(4), we obtain184

⟨m2
S⟩c = ⟨m2

SN ⟩c − ⟨m2
R,i⟩c − 2⟨mSmR,i⟩c. (6)

Next, we consider the 2nd-order mix-cumulant between signal candidates and sideband185



Figure 5: Example of the invariant mass distribution for Λ. The red shaded area corre-

sponds to the signal particles, and the blue one corresponds to the background particles.

The dotted blue lines are the boundaries for the sideband windows.

particles:186

⟨mSNmR,i⟩c = ⟨mSmR,i⟩c + ⟨mNmR,i⟩c (7)

= ⟨mSmR,i⟩c + ⟨mR,imR,j⟩c, (i ̸= j), (8)

thus,187

⟨mSmR,i⟩c = ⟨mSNmR,i⟩c − ⟨mR,imR,j⟩c. (9)

From Eq. (7) to Eq. (8) we used Eq. (5). By substituting Eq. (9) to Eq. (6), we obtain the188

correction formula for the 2nd-order cumulant as189

⟨m2
S⟩c = ⟨m2

SN ⟩c − ⟨m2
R,i⟩c − 2⟨mSNmR,i⟩c + 2⟨mR,imR,j⟩c. (10)

Similarly, the correction formula for the 2nd-order mix-cumulant can be derived as190

⟨mSnS⟩c = ⟨mSNnSN ⟩c − ⟨mSNnR,i⟩c − ⟨nSNmR,i⟩c + ⟨mR,inR,i⟩c, (11)

where n is supposed to be the other conserved charge or particle species than m, and we191

utilized the following relations:192

⟨mSnN ⟩c → ⟨mSnR,i⟩c = ⟨mSNnR,i⟩c − ⟨mR,inR,i⟩c, (12)

⟨mNnS⟩c → ⟨mR,inS⟩c = ⟨mR,inSN ⟩c − ⟨mR,inR,i⟩c, (13)

⟨mNmN ⟩c → ⟨mR,inR,i⟩c. (14)



It should be noted that the sideband windows need to be determined carefully. Because193

of the trivial volume dependence, the values of ⟨m2
R,i⟩c, ⟨mR,imR,j⟩c, and other (mix-194

)cumulants which include sideband particles can easily change depending on the width of195

the sideband windows. The purpose of utilizing the sideband windows is to use them as196

the proxies of the background particles under the signal peak, and therefore the width of197

the sideband windows have to be precisely determined so that their yields are consistent198

with the background particles that we want to subtract. This leads to the iterative steps as199

follows. First, we determine the background yields by data-driven approach like rotation or200

event-mixing method. Second, we divide the sideband according to the background yields.201

Finally, we calculate the correction parameters for each window of the sideband.202

It is further suggested to check if those correction parameters including sideband par-203

ticles are flat enough as a function of the invariant mass. Otherwise, one should revisit the204

definition of the sideband windows to check if the sideband is equally divided. The residual205

dependence of correction parameters on the invariant mass need to be taken into account206

as a part of the systematic uncertainties. One can also take the average over as many207

sideband windows as possible to determine the correction parameters more precisely.208

4.3 Measurement of Λ and Ξ− hyperons209

The Λ and Ξ− hyperons were reconstructed by using the invariant mass technique210

based on the following decay channels: Λ → p + π− and Ξ− → Λ + π−. The topological211

parameters such as the distance of the closest approach (DCA) of daughter particles, DCA212

between daughter particles, DCA and the decay length of hyperons, were optimized so that213

the signal peak becomes visible. Figure 6 shows the invariant mass (Minv) distributions214

for Λ and Ξ−, where the clear peaks from Λ and Ξ− are seen around Minv = 1.12 GeV/c2215

and 1.32 GeV/c2, respectively. Another peak around 1.28 GeV/c2 in Ξ− invariant mass216

distribution is the fake signal which appears if the bachelor π− are daughters from Λ.217

This fake signal does not affect our measurement. The background shape was determined218

by using the rotation method, which is shown by cyan solid lines in Fig. 6. The yield of219

the background particles were then estimated from the rotational backgrounds, based on220

which the sidebands are equally divided (sideband windows), as shown by magenta dotted221

lines.222

The signal candidates for Λ and Ξ− were counted at 1.11 < Minv < 1.12 GeV/c2 and223

1.32 < Minv < 1.33 GeV/c2, respectively, on an event-by-event basis. Sideband particles224

were counted at each sideband window in Fig. 6. Figure 7 shows the 1st- and 2nd-order225

cumulants of sideband particles, and the 2nd-order mix-cumulant between signal candi-226

dates and sideband particles, as a function of invariant mass. The 1st-order cumulant is227



Figure 6: Invariant mass distribution of Λ (left) and Ξ− (right) hyperons. The cyan solid

lines represent the rotation backgrounds, and the magenta dotted lines are the sideband

boundaries for the purity corrections.

flat by definition, as the sideband was equally divided based on the background yields.228

It is found that the 2nd-order cumulants and mix-cumulants are also flat as well, which229

indicates that the parameters for the purity correction do not depend on the invariant230

mass, and those sideband particles can be used as proxies of the background particles231

under the signal peak.

Figure 7: The 1st- and 2nd-order cumulants of sideband particles, ⟨ΛR⟩c and ⟨Λ2
R⟩c (the

subscript R represents the rotational backgrounds), and the 2nd-order mix-cumulants

between signal candidates and sideband particles, ⟨ΛSNΛR⟩c, for Λ (left) and Ξ− (right).

232

The analysis of the CBS was performed for two cases: (1) Measure Λ and Λ̄ on top of233

p, p̄, and K±, (2) Add Ξ− and Ξ̄+ on top of (1). The baryon-strangeness correlation and234

the 2nd-order strangeness cumulant are given by235

⟨BS⟩c = ⟨∆p∆K⟩c − ⟨∆p∆Λ⟩c + ⟨∆Λ∆K⟩c − ⟨∆K2⟩c, (15)

⟨S2⟩c = ⟨∆K2⟩c + ⟨∆Λ2⟩c − 2⟨∆K∆Λ⟩c, (16)



for case (1), and236

⟨BS⟩c = ⟨∆p∆K⟩c − ⟨∆p∆Λ⟩c − 2⟨∆Ξ⟩c + ⟨∆Λ∆K⟩c − ⟨∆K2⟩c

−3⟨∆Λ∆Ξ⟩c + ⟨∆Ξ∆K⟩c − 2⟨∆Ξ2⟩c, (17)

⟨S2⟩c = ⟨∆K2⟩c + ⟨∆Λ2⟩c + 4⟨∆Ξ2⟩c − 2⟨∆K∆Λ⟩c − 4⟨∆K∆Ξ⟩c

+4⟨∆Λ∆Ξ⟩c, (18)

for case (2), where ∆X represents the difference between number of particles and an-237

tiparticles of a particle species X. The coefficients in front of Ξ-related terms come from238

the fact that Ξ hyperons carry two strange quarks. To obtain ⟨BS⟩c and ⟨S2⟩c, all the239

2nd-order cumulants and mix-cumulants in Eqs. (15)–(18) were measured with efficiency240

corrections. Hyperons-related terms were corrected for their purities as well.241

4.4 Results242

The validity of the purity correction was checked in a data-driven way by analyzing243

the various topological cut sets for Λ reconstructions. Each cut set has different purity 1
244

and significance 2 of Λ. The efficiency and purity corrected value of the Λ fluctuations245

should be consistent among different cut sets if the purity correction works well. Figure 8246

shows the 2nd-order Λ cumulant from Au+Au most central collisions at
√
sNN = 200 GeV247

as a function of Λ purity, where purity-uncorrected results are shown by black squares and248

purity-corrected results are shown by red circles. The purity-uncorrected results increase249

with decreasing the purity because the background contribution becomes large. In this250

case, the result having the highest purity around 96% can only be taken as a final result251

which still suffers from 4% background contributions. After applying purity corrections252

for each cut set, the results are flat with respect to the purity and seem crossing with the253

purity-uncorrected results at the highest purity. This indicates that the purity correction254

works well in the STAR data. More importantly, one can take any of the red circles255

as a final result. We finally employed the result from the cut set which yields the best256

significance of Λ, leading to the smallest statistical uncertainty of purity-corrected ⟨Λ2⟩c.257

Figure 9 shows the centrality dependence of CBS from Au+Au 200 GeV collisions.258

The results are corrected for purity and reconstruction efficiency, while not corrected for259

hyperons’ branching ratio. The CBS values have been significantly enhanced compared to260

the previous measurement [44] by including Λ and Λ̄ on top of p, p̄, and K±, as shown261

by blue squares. We have also tried including multi-strange baryons Ξ− and Ξ̄+ as well,262

1The ratio of the signal to the background yields.
2The ratio of the signal yield to the square-root of signal candidates, which is a proxy for the product

of purity and reconstruction efficiency.
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Figure 8: The 2nd-order Λ cumulant as a function of Λ purity from Au+Au most central

collisions at 200 GeV. Purity-uncorrected results are shown by black squares, and purity-

corrected results are shown by red circles. All results are corrected for reconstruction

efficiencies. The branching ratio is not taken into account.

which is shown by red stars. A slightly different centrality dependence is observed for both263

cases. The CBS values are much closer to those from the lattice QCD calculations [47]264

shown by the purple band than previous measurement. The red and blue shaded bands265

represent the UrQMD calculations incorporating Σ0 as well as the particle species in the266

experimental measurements. The Σ0 decays into Λ and γ and the daughter Λs are already267

included in our measurements. The UrQMD calculations significantly underestimate the268

experimental data and cannot describe the centrality dependence.269

5 Summary270

We discussed the recent results on conserved charge fluctuations from BES-I and271

√
sNN = 3 GeV collisions from FXT program at RHIC. The nonmonotonic energy de-272

pendence of (net-)proton C4/C2 could hint on the existence of the QCD critical point273

around 7.7 ≤ √
sNN ≤ 19.6 GeV. The negative signs observed in net-proton C6/C2 at274

200 GeV could indicate the experimental signature of a smooth crossover at RHIC top275

energy. The collision energy dependence of (net-)proton C6/C2 could imply that the phase276

boundary can be probed over the wide range of the QCD phase diagram. These interpreta-277

tions are currently limited due to large uncertainties, which will be significantly improved278

in the near future by the ongoing analysis on BES-II data having 10-20 times larger event279



0 100 200 300

〉
part

N〈

0

0.5

1

c〉2
S〈/ c〉

B
S

〈
 =

 -
3

B
S

C

 < 1.6 GeV/c 
T

Au+Au 200 GeV, |y| < 0.5, 0.4 < p
Purity and efficiency corrected

STAR Preliminary

+
Ξ,-Ξ,Λ,Λ,±,KpThis study: p,

Λ,Λ,±,KpThis study: p,
±,Kp| < 0.5: p,ηSTAR (2019,2022), |

+
Ξ,-Ξ,0Σ,Λ,Λ,±,KpUrQMD, p,

0Σ,Λ,Λ,±,KpUrQMD, p,
LQCD (156.6 MeV), PRD104.074512(2021)

Figure 9: Centrality dependence of CBS from Au+Au 200 GeV collisions. The results

are corrected for purity and reconstruction efficiencies for hyperons, while their branching

ratios are not taken into account. The purple band represents the results from the lattice

QCD calculations [47]. The UrQMD calculations are shown by red and blue shaded bands.

statistics compared to BES-I. We also reported the recent attempt for measuring the280

baryon-strangeness correlations. The Λ, Ξ−, and their antiparticles were included in the281

measurement, on top of p, p̄, and K±. The results were corrected for the combinatorial282

backgrounds by using the newly-developed method for the purity correction. The validity283

of the correction was confirmed in a data-driven way. As a result, the CBS values were284

significantly enhanced and the value is now much closer to the lattice QCD calculations.285
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