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Based on the model of the expanding hot quart-gluon plasma fireball created in
ultrarelativistic heavy-ion collisions, we investigated the rates of the s-quark and K™-meson
productions after considering particle distribution in the fireball and by using the
relativistic hydrodynamic equation. It is shown that the particle distributions enhance the
production rates strongly.

It is generally believed that inside some celestial bodies such as neutron stars, or during the
ultrarelativistic heavy-ion collisions, a new nuclear matter state [1,2], namely the quark-gluon plasma,
might be formed. The K™-meson which contains an s-quark may carry important information on the
QGP [3,4], hence it becomes an important way to verify the existence of the QGP.

The experiments at the AGS in BNL, U.S.A. showed that the Si ions with bombarding energy
14.5 GeV /u can be fully stopped by another heavy ion whose mass number A is larger than 100 [2].
Based on this fact, in this work we assume that a high temperature (not less than 200 MeV), high
density (about 4 times of normal nuclear matter density) fireball is composed mainly by the
quark-gluon plasma. We think that the mean free path of the particle is much less than the range of
length of the fireball, so that the whole system can quickly approach a local equilibrium inside the
fireball. From this point of view, we can adopt a relativistic hydrodynamic equation to describe the
evolution of the system [3-7], ’

>

8,T* =0, i (1)

where T#Y is the energy-momentum tensor. It is different from the initial scaling equation developed
by Bjorken [13].

For the phase transition picture of the system from the quark-gluon phase to the hadronic one
with a temperature dropping, we adopt a supersonic condensation model [8]. The influences of latent
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Fig. 1

Time evolution of the total number of the s-quark and
K™-meson in the system. The meanings of label 1-4 are
explained in the text. The initial temperature of the
system is T, = 230 MeV.

heat on the temperature at the phase transition interface are also considered. We think that the main
component is the T-meson in the initial period of hadronic phase [9], so the basic processes in which
the m-mesons annihilate to create the K™-mesons, such as 7+ 7~ — KK, 7 = K'K°, 7% - K 'K,
are considered. ‘

For the s-quark and K™-meson production, Miiller et al., by ignoring the spatial distribution
of temperature [10], and Kapusta [11], by using the Bjorken model, obtained the time- dependent
result. The s-quark and K™-meson productions were further studied by taking the spatial distribution
of temperature into account [12] and it was found that this distribution cannot be omitted.

As to the very high temperature system, by using the Boltzmann approximation of the
distribution function, i.e., f(p) = exp(~E/T), Kapusta and Mekjian [11] gave the parameterized
forms of the strangeness production rates Ry(T) and R,(T) corresponding to the quark phase and
hadronic phase, respectively (here p, £ and T denote the momentum, energy and temperature,
respectively, and 7 = ¢ = k = 1). But this eliminated the correlations between the distribution
function and particle number density. In order to consider the influences of the particle distributions
in space-time on the dilepton mass spectrum, He et al. [7] employed a complete Boltzmann
approximation of the distribution function, f(p) = pexp(~E/T), where p is the particle number
density. A similar approximation was used in the study of nucleon spectra by the fireball model by
Bondorfin ez al. [14] .

Therefore, we study the effects of the particle distributions on the s-quark and K™-meson
production rates. Obviously, various particle number distributions would lead to very different
strangeness production rates. In order to find out the particle occupation number distributions at
every point, we should solve the following equation of continuity

8,(pcoshn) + —1- (r%sinhy) =0, @)
2

where 7 is the transverse velocity and r the fireball radius. Therefore, the s-quark or K™-meson
production rate with the effects of particle number distributions can be described as
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Fig. 2
The same as Fig. 1, except for the
initial temperature 7, = 500 MeV.

R(T(r,t),p(r ,l)) o Plcqu( Orﬁ)(T)csz’ (3)

where the subscript 1 denotes particles, 2 the antiparticles, constants ¢, and ¢, are related to the total
particle numbers in whole space-time.

To ascertain the evolution picture of the strangeness (s-quark, K™-meson), we use the relaxation
equation as follows [11,12]:

n \?

& R(r(r i), o0 [1= () ] @
where 7 is the particle number density of the s-quark (7" < T) or the K™-meson(T” > T',) and #,, is
the equilibrium density which can be obtained from the Boltzmann statistics.

Assuming that the initial temperature of the fireball is 7, = 230 MeV and critical phase
transition temperature is 7', = 160 MeV, and including other parameters, we solve equations (1)-(4)
so that the mean free path of the particles is comparable with the length of the fireball. The
calculated total number of the s-quarks and K™-mesons is shown in Fig. 1 as a function of the
evaluation time. The curves in Fig. 1 correspond to different approximations. Curve 1 is the result
of ignoring the effects of both the particle distribution and the latent heat on the s-quark and
K"-meson production rates. Curve 2 is the result with the effects of the latent heat. In curve 3, the
particle :
distribution is considered. The result by considering both the particle distribution and the latent heat
is presented in curve 4.

It is obvious that the s-quark and K -meson production rates are enhanced due to the release of
the latent heat. Since the heat transports both outwards and inwards, the temperature of the whole
system is increased. One the other hand, the high temperature in the inner part of the system
prevents the quarks from moving outwards. As a result, the occupation number of particles in the
center region is higher. This further enhances the strangeness production rate.

In order to highlight the effects of the particle number distribution on the s-quark and
K -meson production rates, we show in Fig. 2 another set of data under the same condition, except
that the initial temperature is T, = 500 Mev. It is clear that when the initial temperature is much
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higher, the effect of latent heat becomes less important, but the particle number distribution can still
enhance the s-quark and K™-meson production rates to a certain extent.

. To sum up, the particle distributions enhance the s-quark and K -meson production rates
significantly. This is an important factor to be considered for the investigation of the s-quark and
K"-meson productions during the evolution of the QGP.
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