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The effective temperatures of 𝐾 ± , 𝜙, Ω− and Ω̄+ produced in Au+Au collisions at RHIC-BES
energies are presented. Energy dependence of the kaon effective temperature is approximately
constant at lower RHIC-BES energies, similar with previous SPS results and could indicate the
onset of deconfinement in this energy range. The centrality dependence of 𝑇𝐾 ± showed that the
charged kaon effective temperature increases at higher BES energies and also from peripheral to
central collisions. The 𝜙 and Ω effective temperatures increase with energy and no plateau-like
behaviour is evidenced by the data.
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1. Introduction

2. Results
It has been observed in heavy-ion experiments that the invariant transverse momentum distributions in A+A collisions generally show
q in the low 𝑝𝑇 region an exponential shape in 𝑚𝑇 − 𝑚 0 ,

where 𝑚 0 is particle mass and 𝑚𝑇 = 𝑝𝑇2 + 𝑚 2 is the transverse mass. For a 𝑝𝑇 spectrum with an
exponential shape, one can parameterize it as follows:
 𝑚 −𝑚 
𝑑2 𝑁
𝑑𝑁/𝑑𝑦
1
𝑇
0
=
· exp −
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(1)

where the particle yield, 𝑑𝑁/𝑑𝑦, and the inverse slope parameter or the effective temperature, 𝑇,
are parameters that can be extracted from fits to the data.
The 𝑝𝑇 distributions of positive and negative kaons produced in Au+Au collisions at RHIC√
BES energies ( 𝑠 𝑁 𝑁 = 7.7, 11.5, 14.5, 19.6, 27 and 39 GeV) [3] and of Ω− , Ω̄+ , 𝜙 produced in
√
Au+Au collisions at 𝑠 𝑁 𝑁 = 7.7, 11.5, 19.6, 27 and 39 GeV [4] were fitted using Eq. 1. The energy
dependence of the 𝐾 ± , Ω− , Ω̄+ , 𝜙 effective temperatures is presented in Figure 1. These results
were compared with previous results from AGS, SPS, RHIC and LHC experiments [6–12, 16, 18].
The kaon effective temperature increases at AGS energies and from higher RHIC energies up
to LHC energy, whereas they are almost constant in the SPS/RHIC-BES energies. The constant
temperature region in this dependence can signal a first-order phase transition to deconfined matter.
It is considered that such a behaviour may arise from the modification of the equation of state of
the matter due to the hadronic-deconfined phase transition [5].
It can be seen from the figure that 𝑇𝜙 , 𝑇Ω and 𝑇Ω̄+ increases with increasing energy showing
no plateau-like behaviour. These results at RHIC-BES energies are consistent within error bars to
what was observed at other similar energies.
The centrality dependence of the charged kaon effective temperatures is shown in Figure 2. The
STAR data from Au+Au collisions have the following centrality classes: 0-5%, 5-10%, 10-20%,
20-30%, 30-40%, 40-50%, 50-60%, 60-70% and 70-80%. The number of participating nucleons,
𝑁 𝑝𝑎𝑟 𝑡 , as a measure of system size, corresponding to these centralities is taken from [3]. For
all energies, the effective temperatures for charged kaons increase with increasing 𝑁 𝑝𝑎𝑟 𝑡 . This
indicates an increase of radial flow from peripheral to central collisions [19]. Due to an increase in
the radial transverse flow, the 𝑝𝑇 spectra are flattened and the extracted inverse slopes are larger.
Therefore, 𝑇 is sensitive to both the thermal and transverse collective motion.
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One of the main goals of the relativistic nuclear collisions studies is to investigate the hot
and dense nuclear matter produced in these collisions. In such extreme conditions of temperature
and energy density a phase-transition from the hadronic matter to a deconfined state of strongly
interacting matter [1] can occur.
Strange and multi-strange hadrons can provide valuable information related to the properties
of the created system and the onset of deconfinement. An enhanced production of strange particles,
relative to p+p, was suggested as a signal of the QGP formation [2].
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Figure 1: Energy dependence of the effective temperature of 𝐾 + , 𝐾 − (left) and Ω, 𝜙 (right) in most central
(0-5% centrality) Au+Au collisions at RHIC-BES energies (black symbols). Previous results obtained in
Au+Au collisions at AGS energies [6, 10], Pb+Pb collisions at SPS energies [7, 11, 16], Au+Au collisions at
√
RHIC energies [8, 12] and Pb+Pb collisions at 𝑠 𝑁 𝑁 = 2.76 TeV [9, 18] are also included.
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Figure 2: Effective temperature of 𝐾 + (left) and 𝐾 − (right) as a function of number of participants, 𝑁 𝑝𝑎𝑟 𝑡 ,
√
in Au+Au collisions at 𝑠 𝑁 𝑁 = 7.7, 11.5, 19.6, 27 and 39 GeV.

For the same collision energy, the positive kaon 𝑇 is larger than the negative kaon 𝑇 for all
centrality classes. However, the difference between the two temperatures for the same centrality
decrease with the increasing energy. Therefore, the shape of 𝑝𝑇 spectra of 𝐾 + and 𝐾 − is different
at lower RHIC-BES energies and becomes similar for higher energies. These results indicate the
change of the kaon production mechanisms with energy. At lower energies the associated production
dominates, while at higher energies there is an increased contribution to kaon production due to pair
production, therefore the shape of 𝑝𝑇 spectra and corresponding inverse slopes become similar.

3. Conclusions
In this work, the effective temperature of 𝐾 ± produced in Au-Au collisions at RHIC-BES
energies as a function of available energy and collision centrality was presented. In the lower
RHIC-BES energy range, the 𝐾 + and 𝐾 − effective temperatures are almost constant from 7.7 to
19.6 GeV. This behavior, similar within error bars to what was observed at SPS energies, could
3
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indicate the onset of the deconfinement at these energies. The 𝑇𝜙 and 𝑇Ω inverse slope parameters
increases with the energy showing no plateau-like behaviour. The SPS and BES results are consistent
within errors and no plateau-like behaviour is evidenced by the studied data.
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