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ABSTRACT

In t h i s paper i t I s shown t h a t t he Btrangeness production in

quark-gluon plasma might not serve as an experimental s ignature for the

formation of quark-gluon plasma. Our r e s u l t s are completely based on the

computer s imulat ion of the plasma. We have taken in to account the f u l l

three-dimensional hydrodynassic expansion of the plasma.
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INTRODUCTION

1-3)
In recent years many authors * "" have considered Btrangeness

production as the most promising signal for the formation of quark-gluon

plasma. The reason for this is as follows: as the quark-gluon plasma

lifetime is much too short for weak interactions to he of importance,

strangeness once produced can only be destroyed if a strange quark and

a strange antlquark meet and annihilate. Such a process i s not very

likely unless strange quarks are very abundant. Therefore, the amount

of strangeness observed, long after the reaction is over, can be expected

to be a good signal for the formation of cuark-Rluon nlasna, so lon« as

interactions in the hadronic phase do not result in appreciable strangeness

production as vei l .

We set out a goal to check this by using computer simulation.

The computer simulation we are going to describe consists of three codes:

(a) Initialization code

(b) binning code

(c) propagation code.

In the following we are going to discuss the codes and assumptions

used to set them out, and then the results.

II.

ftCD.

COMPUTER SIMULATION

The following assumptions are made for computer simulation.

2.1 Ini t ial izat ion Code k)

(1) Independent parton-p&rton scattering based on lowest order of

(2) The parton trajectories in coordinate space are classical .

(3) The collisions involved here are central and viewed in the

centre-of-masB frame with equal target and projectile mass with zero impact

parameter.

(!*) Each nucleon is represented by quarks and gluons, each carrying

a fraction x of the nucleon13 centre of mass momentum. The fractional

momentum Is distributed according to

- 2 -



xq(x) = 1.10.(1+3.7x) (1-x) 3- 1 9

xg(x) • 2.62(1+3.5x) (l-x)5'9.

(1)

(2)

(5) The partons were also assigned a momentum in the transverse

direction. This is being done by using a normal distribution with

variance of l80MeV/c 6)

(6) In coordinate space, first the nucleon positions were

assigned randomly vithin spherical nucleus, and then the parton positions

assigned randomly within a sphere of radius lfm about the nucleon position.

(T) The cross sections were taken from lowest order of QCD

results for 2-2 scattering T)

(6) The off-shell scattering of partons were also taken into
account. The energy of the parent parton is divided into fractions z
and 1-z which i s carried by daughters at time step when i t decays. The
fractions are distributed according to the Altarell i-Parisi spli t t ing
functions

(9) Eqs.(l) and (2) have a singuarity at x = 0, to avoid the
singularity as x •» 0, a cut-off is put in around x =* 0.02. Using this
cut-off when (l) and (2) are integrated we get 3 for quarks and 5 for
gluons. One could choose a value of x closer to zero and follow the
trajectories of even more partons. The advantage of this 1B better
s ta t i s t ics and also the inclusion of sea quarks. But this would slow the
code down considerably and not necessarily provide that much accuracy for
calculating processes involving hard partonB.

(10) Finally, the run parameters used are: target and projectile
mass is 50, the centre-of-mass enerjtv is *T = 200eV/A, number of partons
assigned to single nucleon is 3.

2.2 Binning code

(l) A space mesh of size 16 x 16 x 16 is generated, which is

equivalent to 1*096 fluid cells,

(a) The cell width in the longitudinal direction is of the size

0.5fa, whereas In transverse directions it is lfm, giving a volume of

each cell to be 0.5fm3.
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(3) The components of hydrodynamical velocity of each cell are

determined by using the fact that in the local rest frame of the cel l
a)

momentum densities should vanish .

(U) The cel l pressure is determined by using an equation of state
for an ideal re la t iv i s t i c fluid i . e . P = ( l /3)e .

2.3 Propagation code

(1) For better s t a t i s t i c s , we have generated 1*0 events. Particles
generated in a l l these events are binned and then the average is taken over
a l l events.

(2) To solve the hydrodynamical equations numerically the two-step
Lax-Wendroff scheme is used.

(3) The liydrodynamical variables for boundary cells are updated
from one time-step to another by taking the averages of the hydrodynamical
variables of the nearest neighbours.

{U) The size of time-step is taken to be O.lfm/c.
(5) The time evolution 6f strange quarks is governed by the

following rate equation;

dNi/dt (3 )

where N is the total number of strange quarkB at some time t in a cell

i with volume V and R (t) is the production rate for the strange
. 11)

quarks

R(gg or qq ss) = 2o T exp{-2a/T)

In the above equation a = O.U, m is the mass of strange quark
which i s taken to be l60MeV and T is the temperature in MeV. In
Fig.l we have plotted the production rate R versus temperature. The
cell temperature has been calculated in the code by using the following
expression!

T - [(30e/irS)/(l6+(21/2)lJfn
1A

(5)
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(6) The behaviour of initial longitudinal distribution of the

energy density, temperature and velocity 1B shown in Fig.2. The

behaviour of initial transverse distribution of the energy density,

temperature and velocity is shown in Fig.3.

HI. CONCLUSIONS

Our approach described above differs from the approach taken by
different authors ' 2 in many vays. In most of the models, the validity
of scaling hydrodynamics is assumed and the transverse expansion of the
plasma is neglected in the early stages of the expansion. We have taken
into account the full three-dimensional expansion of the plasma, i t amounts
to much faster cooling of the plasma in comparison to BJorken's scaling
hydrodynamic expansion. In Fig.S* we have plotted the natural logarithm
of average energy density for central fluid cells versus the natural
logarithm of proper time.

Bjorken's t ine evolution picture of the plasma ia based upon the
extrapolation of the experimental data for pp, pa and act collisions
at CERH, SPS and ISR. The most important assumption of BJorken's model
is the existence of central plateau structure for the particle production
as a function of rapidity variable for nucleus-nucleus collisions as i t
exists for pp, pa and oa collisions. Due to this assumption, the
hydrodynamical variables describing the time evolution of the plasma
become independent of rapidity variable. One does not feel very comfortable
with this assumption because there is no experimental data to support i t in
the energy range of in teres t .

In our model we have assumed from the beginning the validity of

full three-dimensional expansion. Therefore, in our model the assumption

of central plateau i s relaxed. This results in faster expansion of the

plasma. In Figs.5 and 6 we have plotted the number of strange quarks and

the ra t io of number of strange quark density to the entropy density

respectively, versus proper time. From Figs.5 and 6 i t is obvious that

there is no enhancement of strangeness production in quark-gluon plasma

over pp collisions.
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In our work we have not taken into account the hadronization phase

transition. This is the problem of active research for our group at

present. But still we like to comment on this aspect. In the case of

mixed phase scenario, the time for which system coexist in hadronic and

quark-gluon plasma phase 1B determined by the initial temperature and the

time dependence of temperature. These two inputs namely; the initial

temperature and time dependence of temperature determines the amount of

strangeness produced in the system. The time dependence of temperature

is nodel dependent, for example, in the case of BJorken's model temperature

decrease's as t Y - 1 with 1 < y 4 V 3 . One can therefore start with full

three-dimensional hydrodynamical expansion of the plasma and calculate

numerically the time dependence of temperature. This will then be an

input to the hadronization model. This is exactly what we are trying to

do at present. Finally, with our results one cannot make a statement

with full confidence about strangeness production as an experimental

signature for the formation of plasma, but it seems to us that the system

will not remain in the coexisting phase for a very long time.
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F ig . l The p lo t of production r a t e for strange quarks in plasma

phase versus temperature.

Fig,3 The behaviour of i n i t i a l longi tudinal d is t r ibut ion (at

time t = 0, along the beam axis) of the energy density,

temperature and velocity as we go towards l e f t or r ight

of point of impact.

Fig.3 The behaviour of i n i t i a l transverse d is t r ibut ion (at

time t = 0, perpendicular to beam axis) of the energy

densi ty, temperature and veloci ty .

Fig.l* The plot of natural logarithm of average energy density

for cent ra l f luid ce l l s versus the natural logarithm of

proper time. I t i s the resu l t of fu l l three-dimensional

expansion.

Fig.5 The plot of t o t a l number 6f strange quarks in plasma

versus proper time.

Fig.6 The plot of the r a t io of number density of strange quarks

to the entropy density versus proper time.
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