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Abstract2

In this proceedings, we present our first measurements of φ meson and Ξ− hyperon3

production in Au+Au collisions at
p

sNN = 3 GeV. Various models including thermal and4

transport model calculations are compared to data, these results imply that the matter5

produced in the 3 GeV Au+Au collisions is considerably different from that at higher6

energies.7
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1 Introduction18

The main goal of the STAR experiment is to study the properties of QCD matter at extreme19

conditions, high temperature and/or high density, by colliding heavy ions at ultra-relativistic20

speed. The yields and particle ratios of strange hadrons provide important information about21

the particle production mechanisms in these collisions. The RHIC Beam Energy Scan program22

covers a wide range of energies to explore the transition from a hadronic dominated phase to23
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a partonic dominated one. Of particular interest is the high baryon density region which is24

accessible through the STAR fixed-target program, which has extended the energy reach from25
p

sNN = 13.7 GeV down to 3.0 GeV.26

Statistical thermal models have often been used to characterize the thermal properties27

of the produced media. In low energies, the strangeness production is rare, therefore it has28

been argued that strangeness number needs to be conserved locally on an event-by-event basis29

described by the Canonical Ensemble (CE), which leads to a reduction in the yields of hadrons30

with non-zero strangeness number [1–3], but not for the φ meson with zero net strangeness31

number (S=0). The φ/K− ratio is expected to increase with decreasing collision energy in32

models using the CE treatment for strangeness, opposite to the trend in the Grand Canonical33

Ensemble (GCE) treatment. The canonical suppression power for Ξ− (S=2) is even larger than34

for K− (S=1). The φ/K− and φ/Ξ− ratios offer a unique test to scrutinize thermodynamic35

properties of strange quarks in the hot and/or dense QCD environment [4].36

In this proceedings, the first measurements ofφ meson and Ξ− hyperon production as well37

as the ratios of φ/K− and φ/Ξ− in Au+Au collisions at
p

sNN = 3 GeV will be presented.38

2 Experiment39

The dataset used in this analysis consists of Au+Au collisions at
p

sNN = 3 GeV collected by the40

STAR experiment under the fixed target (FXT) configuration in the year of 2018. The single41

beam was provided by RHIC with total energy equal to 3.85 GeV/nucleon. The thickness of the42

gold target is about 0.25 mm, corresponding to a 1% interaction probability to minimize the43

pileup and energy loss effect in target. The target is located at 200 cm to the west of the center44

of the STAR detector, it is installed inside the vacuum pipe, 2 cm below the center of the beam45

axis. The minimum bias (MB) trigger condition is provided by the Beam-Beam Counters (BBC).46

Tracking and particle identification (PID) are done using the energy loss (dE/dx) information47

from Time Projection Chamber (TPC) and time of flight (1/β) information from Time of Flight48

(TOF). In total, approximately 2.6× 108 MB triggered events are used in this analysis.49

3 Particle yields50

Reconstruction of short lived particles Ξ−→ Λ+π− is performed using the KF Particle Finder51

package based on the Kalman Filter method [5]. Those combinatorial backgrounds are ob-52

tained by rotating daughter tracks. The φ mesons are reconstructed through the hadronic53

decay channel, φ→ K+ + K−, where combinatorial background is estimated using the mixed54

event technique. The reconstructed Ξ− and φ candidates are shown in Fig. 1 (a,b). The num-55

ber of signal counts is extracted using a bin counting method, and is shown as a function of56

pT − ycm in Fig. 1 (c,d). Good mid-rapidity coverage is attained in the
p

sNN = 3 GeV Au+Au57

collisions.58

The numbers of K−, φ and Ξ− counts in the data are extracted as a function of mT−m0 in59

different rapidity and centrality selections. The raw signal counts in each mT−m0 interval are60

subsequently corrected by the acceptance and reconstruction efficiency estimated via GEANT361

[6]. The corrected K−, φ, and Ξ− dN/dmT are all well described by mT exponential functions.62

The mT and rapidity differential yield of K− and φ meson in 0-10% centrality collisions are63

shown in Fig. 2.64

We considered three sources of systematic uncertainties, arising from (1) imperfect de-65

scription of topological variables in the simulations, (2) the tracking efficiency of the TPC,66

and (3) the background subtraction method. Their contributions are estimated by varying67
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Figure 1: Invariant mass distributions of (a) K+K− and (b) Λπ− pairs reconstructed
from data are shown on the top. The grey shaded histogram represents the normal-
ized mixed-event (rotating daughters for Ξ−) unlike-sign distribution that is used to
estimate the combinatorial background. The transverse momentum (pT) versus the
rapidity (ycm) for reconstructed (c) φ and (d) Ξ− are shown on the bottom.
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Figure 2: mT spectra for K− and φ in 0-10% Au+Au collisions at
p

sNN = 3 GeV in
different rapidity selections. The solid and dashed black lines represent fits using the
mT exponential function to the data points.

topological cuts used in the analysis, the TPC track quality selection criteria and the back-68
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ground subtraction method. These uncertainties are assumed to be uncorrelated and added69

in quadrature.70

To estimate the pT integrated yield, the data are extrapolated down to pT = 0. Besides the71

aforementioned systematic uncertainties, uncertainties from extrapolation to the unmeasured72

regions are considered, i.e. different functional forms are used for the extrapolation to estimate73

this uncertainty. The pT integrated dN/d y as a function of rapidity are shown in Fig. 3. Solid74

curves depict Gaussian function fits to the data points with the centroid parameter fixed to75

zero. They are used to extrapolate to the unmeasured rapidity region for calculating total76

multiplicities.
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Figure 3: Rapidity distributions of K− and φ meson for various centrality regions,
solid symbols are measured data, open ones are reflection. Yields obtained from
integrating fit functions to the mT spectra are fit with a Gaussian function.

77

4 Yield ratios78

Figure 4 shows the φ/K− (left) and φ/Ξ− (right) ratios from our measurements in differ-79

ent centralities as a function of
p

sNN . The measured φ/K− and φ/Ξ− ratios at 3 GeV are80

slightly higher than the values at high energies for
p

sNN ¾ 5 GeV. There is a hint that both81

the measured φ/K− and φ/Ξ− ratios in mid-central collisions are larger than those in central82

collisions, and this needs further statistics to systematically study the centrality dependence in83

detail. The GCE underestimates our data with∼ 5σ effect forφ/K− and∼ 4σ effect forφ/Ξ−,84

while the CE calculation with strangeness correlation length (rc) ∼ 3.2 fm can reasonably de-85

scribe our measurements. The precise determination of the thermal parameters (including86

Tch, µB and rc) needs a global thermal model fit with all the particle yields at 3 GeV. The87

modified transport models (UrQMD and SMASH) including high mass resonances decay to φ88

and Ξ− can also reasonably describe the data at low energies [7–14]. In the Au+Au collisions89

at 3 GeV, the observed strangeness production mechanism may be different from that at high90

energies, and this may indicate a change of Equation of State (EoS) at this low energy.91
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Figure 4: φ/K− (left) and φ/Ξ− (right) ratios as a function of
p

sNN . The solid color
markers show the measurements at 3 GeV from different centrality bins with vertical
lines for statistical and bracket symbols for systematic errors, while other markers
are used for data from various other energies and/or collision systems [7–14].

5 Conclusion92

We report the systematic measurements of K−, φ meson and Ξ− hyperon production yields93

and the φ/K−, φ/Ξ− ratios in Au+Au collisions at
p

sNN = 3 GeV with the STAR experiment94

at RHIC. The measured φ/K− ratio is significantly larger than the statistical model prediction95

based on GCE in the 0–10% central collisions. Both the results of φ/K− and φ/Ξ− ratios96

favor the Canonical Ensemble model for strangeness production in such collisions. Transport97

models, including the resonance decays, could reasonably describe our measured φ/K− ratio98

at 3 GeV and the increasing trend ofφ/Ξ− at lower energies. These results suggest a significant99

change in the strangeness production at
p

sNN = 3 GeV compared to higher collision energies,100

providing new insights towards the understanding of the QCD medium properties at high101

baryon density [15].102
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