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Abstract:

PACIAE, a parton and hadron cascade model, is utilized to systematically investigate strange particle

production and strangeness enhancement in Au+Au collisions and in Pb+Pb collisions with the /sny =200 GeV
at the RHIC and 2.76 TeV at the LHC, respectively. The experimental results at different centralities, using data
from the STAR collaboration and the ALICE collaboration, are well described by the PACIAE model. This may
represent the importance of the parton and hadron rescatterings, as well as the reduction mechanism for strange

quark suppression, that are implemented in the PACIAE model.
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1 Introduction

Relativistic heavy ion collisions aim to create a Quark
Gluon Plasma (QGP), which is a unique state of mat-
ter where quarks and gluons can move freely over vol-
umes that are large in comparison to the typical size of
a hadron. Strange particle production and strangeness
enhancement in relativistic nucleus-nucleus collisions rel-
ative to pp collisions at the same energy have been pro-
posed as a signature of the QGP formation in relativistic
heavy ion collisions [1]. This is based on the principle
that the threshold energy of strange particle production
in QGP is higher than that in hadronic matter. There-
fore, the yield of strangeness is a good probe of QGP.

Recently, the ALICE collaboration working at the
Large Hadron Collider (LHC) has reported new data
for strange particle production in Pb+Pb collisions at
V/Snn=2.76 TeV [2]. This is a new energy regime for rel-
ativistic nucleus-nucleus collisions. Similarly, the STAR
collaboration [3] working at the Relativistic Heavy Ion
Collider (RHIC) have published results for strange parti-
cle production in Au+Au at /syy=200 GeV. Based on
PYTHIA, the PACIAE [4, 5] model is used to analyze
strange particle production in relativistic nuclear-nuclear
collisions.

In the LUND string fragmentation scheme [6], the

Received 15 June 2013, Revised 27 August 2013

strange particle, rapidity densities at midrapidity, transverse momentum distribution, PACIAE model

DOI: 10.1088/1674-1137/38,/5/054102

suppression of the s quark pair production compared
with u(d) pair production was assumed to be fixed (this
is the parameter called parj (2) in PYTHIA, denoted as A
below). However,later experiments [7] have shown that
this suppression decreases with increasing reaction en-
ergy. In Ref. [8], a reduction mechanism for the strange
quark suppression has been introduced in the LUCIAE
model. Using this mechanism, they were able to success-
fully describe the strangeness enhancement in pp, pA,
and AA collisions at CERN Super Proton Synchrotron
(SPS) energies [8, 9].

In order to study the strange particle production and
strangeness enhancement in relativistic pp collisions, we
have previously introduced a reduction mechanism for
strange quark suppression in the PACTAE model [10, 11].
In this paper, we will use this reduction mechanism
for strange quark suppression to investigate relativistic
nucleus-nucleus collisions in the RHIC and Large Hadron
Collider (LHC) energy regions.

This paper is organized as follows. In Section 2
we will give a brief review of the PACIAE model and
the reduction mechanism for strange quark suppres-
sion. In Section 3 will we use the parton and hadron
cascade model PACIAE to systematically analyze the
strangeness production in Au+Au collisions at RHIC en-
ergies and Pb+Pb collisions at LHC energies. Section 4
gives a summary and conclusion.
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2 The new modified PACIAE model

Based on PYTHIA [12], the parton and hadron cas-
cade model PACIAE is a model not only for elementary
collisions, but also for nucleus-nucleus collisions. The
PACTAE model consists of four stages: parton initializa-
tion, parton evolution (rescattering), hadronization, and
hadron evolution (rescattering), which are described be-
low:

(1) Parton initialization: In the PACIAE model,
a nucleus-nucleus collision is decomposed into nucleon-
nucleon (NN) collisions based on the collision geome-
try. A NN collision is described by the PYTHIA model,
where a hadron-hadron (h-h) collision is decomposed into
the parton-parton collisions, with the string fragmenta-
tion (hadronization) process switched off. One then ob-
tains a parton configuration composed of quarks, anti-
quarks, and gluons, besides a few hadronic remnants for
a h-h collision after diquarks (anti-diquarks) have been
split randomly into quarks (anti-quarks). This parton
configuration is regarded as QGP formed in the initial
state of h-h collisions.

(2) Parton evolution (rescattering): Rescattering
among the QGP partons is then considered by the 2—2
LO-pQCD parton-parton cross sections [13]. The differ-
ential cross section of a subprocess ij—kl is

doyj_w e’
—=K—= , 1
ALY )

ij—kl

where the factor K is introduced to compensate for
higher order and non-perturbative corrections, a,=0.47
stands for the effective strong coupling constant, and 3,
t and @ refer to the Mandelstam variables. Taking the
process qlq2—qlq2 as an example ,one has
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This is regularized by introducing the parton color
screen mass 1=0.63 GeV, giving
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The total cross section of parton collision i+j is then
a-A(g)_ZJQ 47 3% (4)
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The total and differential cross sections for the par-
ton evolution (rescattering) can then be simulated by the
Monte Carlo method until all parton-parton collisions are
exhausted (partonic freeze-out). The results introduced
below were calculated using these pQCD cross sections,
except for those specially mentioned.

qlg2—qlqg2

(3) Hadronization: The parton evolution stage is fol-
lowed by hadronization at the moment of partonic freeze-
out (no more parton collisions). In the hadronization
stage, the partonic matter can be hadronized by the
LUND string fragmentation model [12] or by the Monte
Carlo coalescence model. The LUND string fragmenta-
tion model is adopted in this paper.

(4) Hadron evolution (rescattering): After hadroniza-
tion, rescattering among the hadrons produced is mod-
eled with the usual two-body collision model. The rescat-
terings among 7, K, p, n, p(w), A, A, ¥, =, Q, J/¥
and their antiparticles are considered for the moment.
The isospin averaged parametrization formula [14, 15] is
assumed for the cross section of h-h collisions. In ad-
dition, some constant total cross sections (oNN=40 mb,
o™ =25 mb, c¥N¥=20 mb and ¢77=10 mb) and the ratio
of inelastic to total cross section (0.85) are assumed and
provided as another option.

In the LUND string fragmentation regime, the qq
pair with quark mass m and transverse momentum pr
may be created quantum mechanically at one point and
then tunneled out to the classically allowed region. This
tunneling probability is given by

oo ().

where the string tension is assumed to be a constant of
k=1 GeV/fm~ 0.2 GeV? [6, 12]. This probability im-
plies a suppression of strange quark production u:d:s:ca
1:1:0.3:107'*. The charm and heavier quarks are not ex-
pected to be produced in the soft string fragmentation
process, provided no charm and heavier quarks appear
in the string, but only in the hard process or as part
of the initial- and final-state QCD radiations. Provided
that the string tension is large, the higher pt quark pair
is expected to be created.

A mechanism for the increase in effective string ten-
sion and, hence, the reduction of strange quark suppres-
sion was introduced in Ref. [8]. In that paper, it was
assumed that the effective string tension increases with
the increase in number and the hardening of gluons in
the string according to

KT = ho(1-6)7°, (6)
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where K is the string tension of the pure qq string, which
is assumed to be ~1 GeV/fm. The gluons in the multi-
gluon string are ordered from 2 to n—1 because the two
ends of the string are quark and antiquark. kr; is the

transverse momentum of gluon j with k?rj >0 and krmax
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is largest gluon transverse momentum in the string. The
parameters a=3.5 GeV and ,/5,=0.8 GeV are deter-
mined by fitting h-h collision data. It should be men-
tioned that Eq. (8) represents the scale of the deviation
of the multi-gluon string from the pure string.

In the PYTHIA model, there are four adjustable pa-
rameters:

parj (1) is the suppression of diquark-antidiquark pair
production compared to quark-antiquark production;

parj (2) is the suppression of s quark pair production
compared to u or d pair production;

parj (3) is the extra suppression of strange di-
quark production compared to the normal suppression
of strange quarks; and,

parj (21) corresponds to the width o in the Gaus-
sian p, and p, transverse momentum distributions for
primary hadrons.

The corresponding parameters can easily be found in
the PACIAE model. They can be tuned to reduce the
strange quark suppression and to change the width of its
Py distribution.

If A denotes parj (2), then by Eq. (6) we can obtain

R

eff
"3

)\2 = )\1 ’ (8)
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where the same subscript indicates the same string, and
kST (kST) is the effective string tension in Eq. (7). It is
not hard to prove that Eq. (9) is also valid for parj (1)
and parj (3).

The reduction mechanism for strange quark suppres-
sion has been included in the PACIAE model (setting
parameter kjp22=1). One can first tune the parameters
parj (1), parj (2), and parj (3) (in this paper, we as-
sume that parameter parj (21) is a constant) to fit the
strangeness production data for a given nuclear collision
system at a given energy. The resulting parj (1), parj (2),
and parj (3) can be used to predict the strangeness pro-
duction in the same reaction system at different energies,
and even in different reaction systems.

Table 1.

3 Calculations and results

Default values for the model parameters in PACTAE
were set according to experimental measurements and/or
physics arguments [4]. However, for specific calculations
a few sensitive parameters, such as K, § and At in this
paper, should be tuned to a datum of the global measur-
able, for instance, the charged multiplicity or the charged
particle rapidity density at mid-rapidity. The fitted pa-
rameters can then be used to investigate the other phys-
ical observables.

In this paper, the parameter K, which was mentioned
in Section 2, is introduced to account for higher order and
non-perturbative corrections to the LO-pQCD parton-
parton differential cross section; the parameter 3 is from
the LUND string fragmentation function; and the pa-
rameter At is the smallest time interval of two distin-
guishably consecutive collisions in the parton initiation
stage.

The parameters K, § and At were first tuned to
suitable values, making the charged multiplicity or the
charged particle rapidity density at mid-rapidity of each
centrality bin calculated by the PACIAE model fit to the
global measurable. We then tuned the parameters parj
(1), parj (2), parj (3) to a datum of the experiment re-
sults, such as the yields of strange particles. The fitted
parameters were then used to investigate the other phys-
ical observables; for instance, the transverse momentum
distribution in this paper.

We first globally tuned the parameters parj (1), parj
(2), and parj (3) in PACIAE simulations to fit the
strangeness production data from Au+Au collisions at
V/sxun=200 GeV. The yields of strange particles calcu-
lated by PACIAE compared to the STAR results are
shown in Table 1. From Table 1, we can see that the
data for strange particle yields from the STAR collabora-
tion are reproduced well by PACIAE with the reduction
mechanism for strange quark suppression.

The transverse momentum distributions (0< pr <6)
of strange particles in the relativistic Au+Au collisions
at /syn=200 GeV are shown in Fig. 1, with the corre-
sponding STAR data taken from Ref. [3]. Panels (a),

Strange particle rapidity densities at midrapidity (Jy| <0.5) in relativistic Au+Au collisions at
/$NnN=200 GeV. The STAR data are taken from Ref. [3].

dN/dy
centrality Kg A A
STAR PACIAE STAR PACIAE STAR PACIAE

0-5% 43.5+2.4 43.66 14.8+1.5 16.04 11.7£0.9 12.01
10%—20% 27.8+1.4 27.57 9.16+0.89 9.84 7.274+0.55 7.30
20%-40% 16.5+0.83 16.18 5.701+0.55 5.74 4.53+0.34 4.21
40%-60% 7.26£0.49 6.91 2.384+0.23 2.32 1.8240.14 1.83
60%-80% 2.14+0.19 2.09 0.71+£0.07 0.68 0.55+0.04 0.54
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(b), and (c) in Fig. 1 are for K2, A, and A respectively.
In order to present the results at different centralities in
the same plot, we multiply the data at 0-5%, 10%—20%,
20%-40%, 40%—60% and 60%-80% by 10°, 10%, 10*, 10°
and 108, respectively. These results indicate that the
STAR data for strange particle transverse momentum
spectra is well described by PACIAE.

Furthermore, looking at the data for charged parti-
cle rapidity density at mid-rapidity [16], we tuned the
parameters of K, 0 and At to fit the data at each
centrality bin. We used PACIAE to study the results

of strange particle productions in Pb+Pb collisions at
V/S$un=2.76 TeV [2]. The transverse momentum distri-
butions (0<pr <6 GeV/c) of the K& and A particles at
ALICE are shown in Fig. 2(a, b), respectively. In or-
der to present the results at different centralities in the
same plot, we multiply the data at 0-10%, 10%20%,
20%—-40%, 40%—60% and 60%-80% by 4.0x10°, 2.0x102,
1.5x10%, 10° and 108, respectively. From Fig. 2, we can
see that the ALICE data for strange particle transverse
momentum spectra can also be well described by PA-
CIAE.
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Fig. 1. The transverse momentum distributions of strange particles in relativistic Au+Au collisions at
V/snn=200 GeV. Panels (a), (b), and (c) are for K2, A, and A, respectively. The STAR data are taken from
Ref. [3].
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Fig. 2. The transverse momentum distributions of strange particles in relativistic Pb+Pb collisions at

sNn=2.76 TeV. Panels (a), and (b) are for K, and A, respectively. The ALICE data are from Ref. [2].
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4 Conclusions

In summary, we have utilized the PACIAE model
with the reduction mechanism for strange quark sup-
pression to analyze strange particle production in rela-
tivistic Au4-Au collisions at /syn=200 GeV and Pb+Pb
collisions at /sxy=2.76 TeV. The PACIAE results for
the strange particle rapidity densities at midrapidity
(ly| <0.5) and transverse momentum distributions (0<
pr <6 GeV/c) are compared with STAR data and AL-
ICE data, respectively. We find that, in general, the PA-
CIAE model with the reduction mechanism for strange
quark suppression describes the experimental data very
well.

In Ref. [4, 10], we demonstrated that the effect of the
reduction mechanism for strange quark suppression and
the parton and hadron re-scatterings introduced in the

modified PACIAE model are reasonable for pp collisions
at RHIC and LHC energy region. Here, it is found that
the effect of the reduction mechanism of strange quark
suppression and the parton and hadron re-scatterings
are also reasonable for nuclear-nuclear collisions at RHIC
and LHC energy regions.

In this paper, we used PACIAE to study only some
of the strange particle productions, such as K§, A, and
A, because their yields are larger than other strange par-
ticles, such as 2, 27, and their antiparticles. In order
to further study the strangeness production mechanism,
we also need to check the strangeness production mecha-
nisms of ==, Q~ and their antiparticles. We will do this
further research in our next work.

We thank Prof. Sa Ben-Hao for his valuable discus-
sions and very helpful suggestions.
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