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Abstract: The transverse mass and rapidity distributions of Lambda and Antilambda hyperons pro-

duced in central Pb-Pb collisions at 40, 80, and 158 AGeV are described by the multisource ideal

gas model and the three-fireball model. The results calculated by the models are compared and

found to be in agreement with the experimental data of the NA49 Collaboration.
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1 Introduction

Relativistic heavy-ion collisions are important
subjects in theoretical and experimental nuclear
physics because these collisions provide a unique
approach to explore the new matter state. The
quark matter predicted by the quantum chromody-
namics (QCD) has been studied in high-energy
heavy-ion interactions and some properties of nu-
clear reactions have been explained by the knowl-
edge of current physics.

[1—3]

In relativistic heavy-ion collisions , many

particles are produced and some of them are

strange particles™!.

The strange particle produc-
tion has been an important observable in high-ener-
gy heavy-ion reactions and its increase was one of
the first suggested signatures for quark-gluon plas-
ma(QGP).

In recent years, a lot of experimental data of

10]

heavy-ion collisions have been reported” ' and
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many theoretical models are suggested to explain
these data'' '™, Explanation of transverse mass
spectra of particles produced in heavy-ion collisions
turns out to be one of most difficult tasks™'"".

In this paper we concentrate on the study of
transverse mass and rapidity distributions of
Lambda and Antilambda hyperons produced in Pb-
Pb collisions at 40, 80, and 158 AGeV based on
the multisource ideal gas model™ **! and the three-
fireball model™ . We use the Monte Carlo
method to calculate the transverse mass and rapidi-
ty distributions and compare our calculated results
with the experimental data of the NA49 Collabora-

tion**,

2 Theoretical Models

In the investigation of transverse mass distri-
butions, we will use the multisource ideal gas

model. The multisource ideal gas model can be
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found in Refs. [15—18]. To give a whole presenta-
tion of the current work, we introduce shortly the
model in the following.

Let the heavy-ion beam direction be oz axis
and the reaction plane be oz plane. A lot of emis-
sion sources of particles are supposed to be formed
and we assume that the particles are isotropically
emitted in the rest frame of emission source. Ac-
cording to the multisource ideal gas model™* 1,
the three components p. , p, and p. of particle
momentum obey a Gaussian distribution and have
the same standard deviation ¢ in the source rest
system. Considering the expansions of the emis-
sion sources and the movement of the emission
sources center, the final particle momentum com-
ponents can be obtained by revising p., , p, and

p: . The relations between p. and p. , p, and p,

and p. and p. are supposed to be linear. We have

pl‘ :a‘z’p; +b10_9 (1)

by :ayP; _’_byO's (2)
and

p.=a.p: +bo, (€D

where a., a,» a.» b, b, and b, are free parameters
which can describe an expansion of the emission
source and a movement of the emission source cen-
ter in the ox, oy and oz directions respectively,
and ¢ is the coefficient that stands for the width of
momentum distribution in the source rest system.
In the transverse space, the transverse momentum

and transverse mass are defined by

pr=+/p7+ P 4
and
my =/ pi + mi (5)

respectively, where m, is the rest mass of a parti-
cle.
Let R,y R,» R;, R,» R;, and R; denote even

random variables distributed in [0,1]. We have

p. =/ —2InR, cos(2xR.)o , (6)
b, =,/ —2InR; cos(2xR,)s , 7

and

p. =/ —2InR, cos(2xR,)s . (8)

Considering Egs. (1), (2) and (4) to (7), the

transverse mass can be written as

mr =o+/Lla,A+0b.1 +1a,B+b,1" +mi , (9
A=./—2InR, cos(2nR,),
B=./—2InR; cos(2nR,).

According to the three-fireball model™ 21, a pro-
jectile fireball (P* ), a target fireball (T ) and a
central fireball (C™) are formed in high-energy nu-
clear-nuclear collisions. Each fireball can be regar-
ded as a emission of particles, and particles in each
fireball are assumed to emit isotropically. Three
momentum components p,; , p, and p. of parti-
cles obey Gaussian distribution with the same
standard deviation ¢ in the source rest system. In
the Monte Carlo calculations, the p, , p, and p.
can be written as the Eqgs. (6)—(8).

In the source rest frame, the rapidity of parti-

cle is defined by

. _ 1 (et p.
y = 2 (S _p‘) ’ (10)

where e=./p,; "+ p, >+ p.*+mi is the energy of a
particle.
In the laboratory system or the the center-of-

mass frame system, the rapidity variable y is given

by
y=y +y. (1D

where y, indicates the rapidity of the projectile
fireball, target fireball, or central fireball in the
concerned reference frame. Let 8y denote the ra-
pidity shift of the projectile fireball and the target
fireball and let Ay denote the rapidity shift of the
leading projectile particle and leading target parti-
cle. The rapidity distribution is finally contributed
by the projectile fireballs, the target fireballs, the
central fireballs, leading projectile particles and
leading target particles. In current work, we as-

sume that the contributions of three fireballs (P" ,
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T", and C* ) are equal to each other, and the con-
tributions of leading projectile particles and leading
target particles are equal to each other, too. Let £
denote the contributions of leading projectile parti-
cles or leading target particles, then, the contribu-
tion of each fireball is (1—2k)/3. We can fit the
experimental data to obtain the value of k. Consid-
ering the expressions (6) to (8), (10) and (11),
we can give the value of rapidity.

In the above discussions, we can use Egs. (9)
and (11) to calculate the transverse mass and ra-
pidity distributions, respectively. For transverse
mass distributions of Lambda and Antilambda, we
used multisource emission picture. For rapidity
distributions of Lambda and Antilambda, we used
three-source emission picture. In the multisource
ideal gas model, we can use the parameters a,.,
and b, , to denote the transverse expansion of
emission sources and transverse movement of cen-
ter of emission sources, respectively. Therefore, it
is convenient for us to calculate transverse distribu-
tions of particles produced in high-energy nucleus-
nucleus collisions. But for the rapidity distribu-
tion, we do not need to consider the transverse ex-
pansion of emission sources. So, we can use the
three-fireball model to describe the rapidity distri-
butions of particles produced in nucleus-nucleus at
high energies. The transverse mass distributions,
(1/m¢) d*N/dmydy, and the rapidity distribu-
tions, dN/dy, are finally obtained by the statistic
method, where N and y denote particle number
and rapidity respectively.

We would like to point out that the Egs. (1)
to (3) are valid only in the non-relativistic limit.
But in the emission source rest frame the relativis-
tic effect is small. As a first approximation, Egs.

(1)—(3) are used in present work.
3 Comparison with Experimental Re-
sults

The transverse mass distributions, (1/my)

d*N/dmrdy, of Lambda and Antilambda hyperons

produced in the central Pb-Pb collisions at 158
AGeV are shown in Fig. 1. The full circles denote
the experimental data of NA49 Collaboration"**
and the curves indicate our calculated results by
using Monte Carlo method. The parameter values
obtained by fitting the experimental data are dis-
played in Table 1. In the selection of the parameter
values, the y’-testing method is used and we can
see that our calculated results are in agreement

with the NA49 experimental data®*.
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Fig. 1 The transverse mass distributions of Lambda and An-
tilambda hyperons produced in central Pb-Pb colli-
sions. The circles represent the experimental data of
NA49 Collaboration'®! and the curves denote our calcu-

lated results.

Table 1 Parameter values for curves in Figs. 1—3
Particle E/AGeV a, b, ay by 6/ (GeV/c)
A 40 1. 30 —0.05 1. 40 —0.05 0.51

80 1. 35 —0.05 1. 40 —0.05 0.52
158 1. 40 —0.1 1. 35 —0.1 0.57
A 40 1.32 —0.05 1. 40 —0.05 0. 56
80 1. 32 —0.05 1. 40 —0.05 0.56
158 1. 32 —0.05 1. 40 —0.05 0.53

Fig. 2 presents the transverse mass distribu-
tions of Lambda and Antilambda hyperons pro-
duced in central Pb-Pb collisions at 80 AGeV. The
circles are the experimental data of NA49 Collabo-

[23]

ration'”’ and the curves are the Monte Carlo calcu-

lated results. The parameter values obtained by
fitting the experimental data are shown in Table 1
and the y’-testing method is used in the selection

of parameter values. One can see that the multi-
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source ideal gas model can describe the experimen-

tal data in high-energy heavy-ion collisions.
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Fig. 2 As for Fig. 1, but displaying the results.

In Fig. 3, the transverse mass distributions,
(1/m1) d®*N/dmrdy, of Lambda and Antilambda
hyperons produced in 40 AGeV central Pb-Pb colli-
sions are given. The circles and curves represent
the experimental data of NA49 Collaboration™*
and the calculated results by using Monte Carlo
method based on the multisource ideal gas mod-
el 18 respectively. In our calculations, The pa-
rameter values obtained by fitting experimental da-
ta are shown in Table 1. The same conclusion from
Fig. 3 as from Figs. 1 and 2 can be obtained. The
calculated results from Eq. (9) are in agreement
with the experimental data in high-energy Pb-Pb

collisions.
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Fig.3 As for Fig. 1, but showing the distributions.

The rapidity distributions of A and A hyperons
produced in the central Pb-Pb collisions at 40(a),
80(b), 158 AGeV(c) are displayed in Figs. 4 and
o.

The circles denote the NA49 experimental da-

ta'® and the curves represent our calculated re-

sults by the Monte Carlo method based on the
three-fireball model""* **'. In our calculations, we
regard o, k, Ay and dy as the {ree parameters and
their values, obtained by fitting the experimental
data, are showed in Table 2. In the selection of pa-
rameter values, the y’-testing method is used. To
see the quality of our fits, we have calculated the
values of y°/degree of freedom(dof) for all fits. In
Fig. 4, the values of %*/dof are 0. 025(a), 0. 012
(b), and 0. 059(c) respectively. In Fig. 5, the val-
ues of y*/dof are 0.016(a), 0.076(b), and 0. 063
(¢) respectively. One can see that our calculated
results are in agreement with the experimental data

in central Pb-Pb collisions at high energies.
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Fig. 4 The rapidity distributions of A hyperon produced in
central Pb-Pb collisions at different energies. The cir-

cles denote the experimental data of NA49 Collabora-

[23

tion"”’ and the curves indicate our calculated results.
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Fig.5 As for Fig. 4, but showing the results of A hyperon.

Table 2 Parameter values for curves in Figs. 4—5

Particle  E/AGeV k Ay 3, 6/(GeV/c)
A 40 0. 20 1.05 0.48 0.52
80 0.25 1.12 0. 49 0.53
158 0.26 1.13 0.50 0.58
A 40 0.07 1.05 0.50 0.57
80 0.12 1.30 0.52 0.58
158 0.13 1.35 0. 57 0. 60
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4 Conclusions and Discussions

In the multisource ideal gas model, there are
three kinds of parameters: the expansion coeffi-
cient a,, a,, and a., the movement coefficient b, ,
b, and b, and the excitation degree ¢ of the source.
The parameters a, s a,, b, and b, reflect the trans-
verse structure of the emission source in the mo-
mentum space. The condition a, (a,) >1 means
that the emission source has expansions in ox (oy)
direction. The conditions b, (b,) >0 and b, (b,) <0
mean that the emission source has movements in
the positive ox (0oy) and negative ox (oy) direc-
tions, respectively. From Table 1, we can see that
the emission sources formed in high-energy heavy-
ion collisions have a relative strong expansion (a,
>1 and a,~>1) in the ox and oy axes, and the cen-
ter of emission sources have a movement (b, <O
and b,< 0) along the negative ox and negative oy
directions. In our calculations, the allowed ranges
of parameters a, and a,, b, and b, are estimated to
be £0.02 and £0. 03, respectively.

From Table 2, we can see that the values of £
increase with the incident energy. that is, the
higher the incident energy is, the larger the contri-
butions of leading particles are. The rapidity shift
(0y) of projectile fireball and the target fireball and
the rapidity shift (Ay) of leading particles increase
with the incident energy, too. We can imagine,
when the incident energy is lower, the three fire-
balls are close, and when the incident energy is
higher, the projectile fireball and the target fireball
is far from the center fireball. When the incident
energy is very high, the particles of projectile and
target often stay in fragmentation region. This
leads to the larger leading particle effect.

In fact, we can regard the multisource ideal
gas model as the expansion of the three-fireball
model. The multisource ideal gas model are suc-
cessful transverse

in describing the momen-

[26 29]’ and

tum™" ' and the angular distributions
the three-fireball model are successful in describing

the (pseudo) rapidity and transverse momentum

]

distributions'??), The present work shows that the

multisource ideal gas model describes the trans-
verse mass distributions of the particles produced
in high-energy heavy-ion collisions.

The multisource ideal gas model is a reasona-
ble picture in high-energy heavy-ion collisions. A
recent work™ shows that in the previous work of
Liu et al., however, the multisource ideal gas
model has not considered the relativistic and/or
quantum effects in many cases. We hope to im-
prove the model by considering the relativistic and

quantum effects in our future work.
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