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We study model dependence of strange hadron spectra (K0
S , Λ, Ξ, Ω) on trans-

verse momentum, rapidity, and collision centrality in Au+Au collisions in the range
of energies

√
sNN = 3 − 27 GeV using the UrQMD model. The results are com-

pared with the data from RHIC Beam Energy Scan (BES) program. While the
model shows reasonable agreement for K0

S spectra, it systematically underestimates
the yields of strange and multi-strange hadrons over the entire energy range, with
the discrepancy increasing with the strangeness content. The antibaryon-to-baryon
and hadron-to-pion ratios are qualitatively reproduced, but significant quantitative
deviations persist. These results demonstrate that, in its present form, the UrQMD
model does not provide a satisfactory description of strange hadron observables at√
sNN = 3 − 27 GeV, indicating the need for additional physical mechanisms be-

yond hadronic rescattering to account for strangeness production in high-density
nuclear matter.
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Introduction8

The study of strongly interacting matter under extreme conditions of high9

temperature and baryon density is a central goal of relativistic heavy-ion10

collisions. Quantum Chromodynamics (QCD) predicts the phase transition11

from a state of confined hadrons to a deconfined Quark-Gluon Plasma (QGP).12

The investigation of the phase diagram of QCD, particularly locating the13

critical point and the phase boundary between hadronic matter and QGP,14

remains a major challenge in the field [1].15

Strange hadrons are considered as an exceptional probes for this endeavor.16

As the strangeness is not contained in the initial colliding nuclei, all strange17

particles are entirely produced by the strange quarks occurring during the18

collision dynamics and possible QGP phase. Therefore, a drastic change in19

the total yields of strange particles is considered as a signature of the transi-20

tion to the partonic phase of nuclear matter. In particular, the enhancement21

of strange hadron production in heavy-ion collisions with respect to proton22

collisions has been proposed as a signature of QGP formation [2], and their23

study across a wide collision energy range is essential for identifying the phase24

boundary and the onset of deconfinement.25
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Among the most informative observables are the ratios of strange baryons26

to mesons (Ξ/π, Λ/π) and antibaryons to baryons
(
Ξ̄/Ξ, Λ̄/Λ

)
. These ratios27

provide a tool for a more precise determination of phase transition energy28

and its characteristics. A systematic measurement of the ratios energy de-29

pendence across the range of the Beam Energy Scan (BES) program at the30

Relativistic Heavy Ion Collider (RHIC) can help better localize the phase31

boundary in the produced medium.32

In this context, the comparison between experimental data and theoret-33

ical models is important. Discrepancies between the experiment and trans-34

port models, such as the Ultra-relativistic Quantum Molecular Dynamics35

(UrQMD) model [3], which simulates collisions as a sequence of hadron scat-36

tering processes without a phase transition to QGP, can reveal the onset of37

a deconfined state or changes in hadronization processes. In this work, we38

present the results of the production of strange hadrons in Au+Au collisions39

at the
√
sNN = 3−27 GeV obtained from the UrQMD model (Cascade mode,40

EoS = 0), compared to BES phase I (BES-I) data. Furthermore, we investi-41

gate the kinematics of strange particles near the production threshold at the42

lowest BES-II energies.43

Experimental setup and analysis details44

Data on Au+Au collisions for
√
sNN = 7.7, 11.5, 19.6 and 27 GeV used45

for current analysis were collected during the BES-I program by STAR ex-46

periment in 2010 and 2011. A detailed description of STAR detector can be47

found in [4]. The main subdetectors used in the analysis of particle produc-48

tion were the Time Projection Chamber (TPC), which covers 2π azimuthal49

angle in the transverse to the beam direction and from -1 to 1 in pseudo-50

rapidity η [5] and Time-of-Flight (TOF) system [6]. Charged particles were51

identified by their ionization energy loss in the TPC ⟨dE/dx⟩ in momentum52

range from 0.1 GeV/c and by the relative velocity of the track in TOF in53

momentum range from 0.4 GeV/c. For the reconstruction of the secondary54

vertex of strange particles (K0
S, Λ, Ξ, Ω) charged π, K, p tracks were used.55

Particle spectra and yields56

Figure 1 demonstrates pT spectra of K0
S, Λ, Λ̄, Ξ

−, Ξ̄+, Ω−, Ω̄+ particles57

at mid-rapidity (|y| < 0.5) for Au+Au collisions at
√
sNN = 27 GeV at58

different centralities produced with the UrQMD Monte Carlo model. It shows59

characteristic exponential behavior for strange hadrons. The UrQMD spectra60

for K0
S demonstrate a similarity to the BES-I data [7] for pT ≲ 1 GeV/c ,61

while a different slope can be observed for pT ≳ 1 GeV/c at all centralities.62

However, for all strange baryons (Λ, Λ̄, Ξ−, Ξ̄+, Ω−, and Ω̄+), we found that63

UrQMD significantly underestimates the total yields at all centralities.64

While the total yields (dN/dy) for K0
S in UrQMD are close to the experi-65

mentally measured value, the model systematically underestimates the total66
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Figure 1. The transverse momentum spectra at mid-rapidity for strange hadrons
from Au+Au collisions at 27 GeV energy at different centralities. The data points
are scaled for clarity by factors of 10 from central to peripheral collisions. The
solid symbols are UrQMD calculations, and open symbols are BES-I data [7].

yields of Λ and Ξ for all centralities at mid-rapidity, and the suppression is67

particularly noticeable for multi-strange Ξ baryons. This behavior for Λ and68

Ξ is observed for all energies from 7.7 to 27 GeV. However, the shape of the69

energy dependence of the particle yields is similar to the world data from70

central Au+Au collisions from BES-I [7], AGS [9,10], and in Pb+Pb central71

collisions at NA49 [11]. Thus, it indicates that the strangeness enhancement72

effect cannot be described solely by hadronic re-scattering.73

Antibaryon-to-baryon ratio74

The antibaryon-to-baryon ratios are sensitive to net-baryon density in the75

collision region and provide insight into baryon transport number. Figure 276

presents the centrality dependence of the Λ̄/Λ and Ξ̄+/Ξ− at 7.7 and 2777

GeV at mid-rapidity, as well as the energy dependence for central collisions.78
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The BES-I data [7] show that ratios decrease from peripheral to central79

collisions, reflecting the increased net-baryon density. While the UrQMD80

model exhibits the same trend, a quantitative discrepancy is observed. In81

central collisions, UrQMD underestimates B̄/B ratios for
√
sNN = 7.7 − 2782

GeV. In peripheral collisions, UrQMD overestimates Ξ̄+/Ξ− at all energies83

across 7.7 − 27 GeV, overestimates Λ̄/Λ at 7.7 GeV, and underestimates at84

27 GeV.85

0 100 200 300 400 500
>part<N

2−10

1−10

1

/B
B

 7.7 GeV-Ξ/
+Ξ

 7.7 GeVΛ/Λ

 27 GeV-Ξ/
+Ξ

 27 GeVΛ/Λ

 7.7 GeV-Ξ/
+Ξ

 7.7 GeVΛ/Λ

 27 GeV-Ξ/
+Ξ

 27 GeVΛ/Λ

BES I

UrQMD

10
, GeVNNs

2−10

1−10

1

/B
B

-Ξ/+Ξ  

Λ/Λ  

-Ξ/+Ξ  

Λ/Λ  

BES I

UrQMD

0-5%

-Ξ/+Ξ  

Λ/Λ  

-Ξ/+Ξ  

Λ/Λ  

BES I

UrQMD

0-5%

Figure 2. The antibaryon to baryon ratio at mid-rapidity as function of ⟨Npart⟩
for 7.7 and 27 GeV energies (left plot) and as a function of

√
sNN for most central

collisions (right plot). The solid symbols are UrQMD data, and open symbols are
BES-I data [7].

Hadron-to-pion ratios86

The mid-rapidity Λ, Λ̄, Ξ−, and Ξ̄+ yields to the total pions (1.5 (π+ + π−))87

yield ratios for the most central collisions, calculated with UrQMD, are pre-88

sented in Figure 3. The Λ/π and Ξ−/π ratios demonstrate a monotonic89

decrease starting from ≈ 4.5 GeV and ≈ 5.2 GeV, respectively. In contrast,90

Λ̄/π and Ξ̄+/π exhibit a monotonic growth across the energy range from 391

to 27 GeV. These trends are in qualitative agreement with world data from92

STAR [7, 8], AGS [9, 10, 12], and NA49 [11] experiments, while the absolute93

values of the ratios are suppressed in the model.94

The K+/π+ ratio from UrQMD at mid-rapidity as a function of energy for95

central collisions shows a smooth peak approximately at 4.5 GeV while the ex-96

perimental data [8] demonstrate a sharp peak (usually called the "horn"-like97

effect) at 7.7 GeV. In the K−/π− ratio, UrQMD reproduces the experimen-98

tally observed trend of a monotonic rise with increasing collision energy.99

Near the threshold production100

The study of strange hadrons at collision energies close to their kine-101

matic threshold is a unique probe into the role of multi-nucleon interactions102
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Figure 3. The Λ, Λ̄, Ξ−, Ξ̄+ to pions (1.5 (π+ + π−)) ratios energy dependence at
mid-rapidity for 0− 5% centrality

and the properties of high baryon density matter. The production of multi-103

strange hyperons is particularly compelling near the threshold [13], where104

the available phase space is constrained.105

We analyze the fraction R of strange hadrons produced in the region of106

phase volume forbidden in the p + p collisions region (cumulative region)107

and falling within the STAR acceptance (−2 < η < 0) to the total yield108

of particles of a given type. For Au+Au collisions at
√
sNN = 3 GeV, the109

value of R is remarkably high: 0.73 for Ξ−, 0.43 for K0
S, and 0.38 for Λ.110

This indicates that a significant part of strange particles is produced in the111

experimentally achieved cumulative region.112

The exceptionally high R value for Ξ− at
√
sNN = 3 GeV demonstrates113

it’s sensitivity to multi-nucleon correlations, consistent with the observed114

centrality dependence of Ξ− production at near-threshold energies [13–15].115

At
√
sNN = 4.5 GeV the value of R decreases sharply (e.g. RΞ− ≈ 0.10).116

Conclusions117

The UrQMD model calculations were compared with the experimental118

data on strange hadron production in Au+Au collisions at
√
sNN = 3 − 27119

GeV. The model shows agreement with K0
S production but significantly un-120

derestimates the yield of strange baryons, with the discrepancy increasing121

with strangeness content. The antibaryon-to-baryon ratios
(
Λ̄/Λ, Ξ̄+/Ξ−)

122

demonstrate centrality dependent discrepancies: UrQMD model underesti-123

mates ratios in central collisions and overestimates them in peripheral col-124

lisions. While the model reproduces general trends for the hadron-to-pion125

ratios (Λ/π, Ξ/π, K−/π−), it fails to describe a "horn"-like effect in the126

K+/π+ ratio observed in the experiment.127
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Similar discrepancies between transport model calculations and exper-128

imental measurements of strange hadron production have been reported in129

comparisons with other microscopic approaches. Studies comparing HSD and130

PHSD calculations with NA49 and NA57 data show that purely hadronic131

transport models tend to underestimate strange baryon yields, while hy-132

brid approaches including partonic phases improve the description only par-133

tially [16]. Comparisons of the AMPT model with NA49 and NA57 mea-134

surements further reveal a systematic underestimation of hadron yields and135

overestimation of antihyperon production [17]. Together with the present136

UrQMD results, these findings indicate that the observed discrepancies are137

not model-specific but reflect a more general challenge for transport mod-138

els in describing strangeness production and baryon–antibaryon dynamics at139

BES energies. The systematic deviations observed over the wide energy range140 √
sNN = 3 − 27 GeV point to the importance of medium-induced effects in141

high baryon density matter, such as modified string fragmentation, collec-142

tive multi-string interactions, or changes in hadron masses and production143

thresholds related to partial chiral symmetry restoration, which are beyond144

the scope of the current UrQMD implementation.145

In addition, the analysis of strange hadron production near the kinematic146

threshold shows that at low collision energies (
√
sNN ≲ 4 GeV) a substantial147

fraction of strange particles originates from the cumulative region, indicat-148

ing an enhanced role of multi-nucleon interactions and high baryon density149

effects. In this near-threshold regime, strangeness production becomes par-150

ticularly sensitive to the treatment of multi-particle dynamics and medium151

effects, which are only effectively implemented in purely hadronic transport152

models such as UrQMD. As a result, these observations provide an additional153

indication of the limitations of the current UrQMD approach in describing154

strangeness production under extreme density conditions.155
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