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Abstract
The fireball created in the ultra-relativistic heavy ion collisions will reach kinetic freeze-out stage from 
the initial ultra-hot-dense state. The temperature, system size and lifetime, and expansion velocity at 
radial direction may inherit some properties of the QGP phase transition. HBT correlation function can 
provides the system evolution information, such as system size parameters, system lifetime. In a blast-
wave model, HBT correlation radii (Rside, Rout and Rlong) were calculated to fit experimental results and 
the system size and lifetime parameters are extracted. And we also calculated transverse momentum 
dependence of HBT correlation radii (Rside, Rout and Rlong) at RHIC/LHC energy.
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✓parameters:Tkin, ρ0, ρ2, Rx, Ry, τ0, Δτ
✓Tkin, τ0: from pT spectra fitting
✓ρ2: central collision set to 0, Rx=Ry=R0
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FIG. 40. Average transverse radial flow velocity extracted from
the blast-wave model for central heavy-ion collisions as a function of
the collision energy. The STAR 62.4 and 130 GeV data are from this
work, and the STAR 200 GeV pp and Au + Au data from Ref. [17].
The other data are from FOPI [145], EOS [146], E866 [147], and
NA49 [148] experiments. Errors shown are the total statistical and
systematic errors.

measured radial flow. The radial flow at chemical freeze-out
may be assessed by analyzing p⊥ spectra of particles with
small hadronic interaction cross sections; some rare particles
such as φ,", and # must develop most of their flow early
(perhaps prehadronization), because their interaction cross
sections are much lower than for the common π,K, p, and p.
It is found that the extracted radial flow for these rare particles
is substantial in central heavy-ion collisions at RHIC, perhaps
suggesting strong partonic flow in these collisions [50,149].

Figure 41 shows the chemical freeze-out temperature vs
baryon chemical potential extracted from chemical equi-
librium model fits to central Au + Au data. Low energy
data points (SIS, AGS, SPS) are from the chemical equi-
librium model fits [122,139–141,143,144] and references
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FIG. 41. (Color online) Phase diagram plot of chemical freeze-
out temperature vs baryon chemical potential extracted from chemical
equilibrium models. Low energy data are from Refs. [120–122,126,
139–142] and compilations in Refs. [143,144]. Errors shown are the
total statistical and systematic errors.

therein. At RHIC energies, the chemical freeze-out points
appear to be in the vicinity of the hadron-QGP phase
transition (hadronization) predicted by lattice gauge theory
[150,151].

VIII. SUMMARY

Charged particles of π±,K±, p, and p are identified by
the specific ionization energy loss (dE/dx) method in STAR
at low transverse momenta and midrapidity (|y| < 0.1) in pp
and d + Au collisions at

√
sNN = 200 GeV and in Au + Au

collisions at 62.4, 130, and 200 GeV. Transverse momentum
spectra of the identified particles are reported. Spectra of heavy
particles are flatter than those of light particles in all collision
systems. This effect becomes more prominent in more central
Au + Au collisions. In pp and d + Au collisions, processes
such as semihard scattering and k⊥ broadening should play an
important role. In central Au + Au collisions, the flattening of
the spectra is likely dominated by collective transverse radial
flow, developed because of the large pressure buildup in the
early stage of heavy-ion collisions.

The transverse momentum spectra are extrapolated to
the unmeasured regions by the hydrodynamics-motivated
blast-wave model parametrization for kaons, protons, and
antiprotons and by the Bose-Einstein function for pions. The
total integrated particle yields are reported. The Bjorken
energy density estimated from the total transverse energy is
at least several GeV/fm3 at a formation time of less than
1 fm/c. The extrapolated ⟨p⊥⟩ increases with particle mass
in each collision system and increases with centrality for
each particle species. The ⟨p⊥⟩ systematics are similar for
the three measured energies at RHIC and appear to be strongly
correlated with the total particle multiplicity density or the
ratio of the multiplicity density over the transverse overlap
area of the colliding nuclei.

Ratios of the integrated particle yields are presented and
discussed. While rather independent of centrality for 130 and
200 GeV, the p/p ratio drops significantly with centrality in
62.4 GeV Au + Au collisions. This indicates a more significant
net-baryon content at midrapidity in Au + Au collisions at
62.4 GeV. On the other hand, antibaryon production relative to
the total particle multiplicity, while lower at the lower energy,
is independent of centrality for all three collision energies at
RHIC, despite the increasing net-baryon density at the low
62.4 GeV energy.

Strangeness production relative to the total particle multi-
plicity is similar at the different RHIC energies. The effect of
collision energy on the production rate is significantly smaller
on strangeness production than on antibaryon production. Rel-
ative strangeness production increases quickly with centrality
in peripheral Au + Au collisions and remains the same above
medium-central collisions at RHIC. The increase in relative
strangeness production in central Au + Au collisions from pp
is approximately 50%.

The particle yield ratios are fit in the framework of the
thermal equilibrium model. The extracted chemical freeze-
out temperature is the same in pp, d + Au, and Au + Au
collisions at all measured energies at RHIC and shows little

034909-36

 (GeV)NNs
1 10 210

 (M
eV

)
ki

n
T

0

100

200 /0.934)0.123
NNs)/0.102))(NNs(1+exp(8.061-ln(

186.706 Line, 

Kinetic freeze-out temperature and radial 
flow from experiments
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Summary
The beam energy dependence of HBT 
correlation radii (Rside, Rout and Rlong) were 
calculated by using a blast-wave model. And 
the system lifetime τ0 and freeze-out duration 
Δτ were discussed and it was found that the 
freeze-out duration Δτ can not be ignored 
while trying to describe Rside, Rout and Rlong 
with the same parameters, R0, τ0 and Δτ in 
the blast-wave model.

Beam energy dependence of HBT correlation radii

System evolution parameters

mT dependence of HBT correlation radii
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