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A schematic model for QCD, developed in a previous paper, is applied to calculate meson properties in the
high temperaturéup to 0.5 GeV regime. It is a Lipkin model for quark-antiquark pairs coupled to gluon pairs
of spin zero. The partition function is constructed with the obtained meson spectrum and several thermody-
namical observables are calculated, such as the energy density, heat capacity, as well as relative production
rates of mesons and absolute production rates for pions and kaons. The model predictions show a qualitative
agreement with data. Based on these results, we advocate the use of the model as a toy model for QCD.
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I. INTRODUCTION probably too simple to describe real QCD, it contains all
basic ingredients of real QCD. These are the correct number

In Ref. [1] [hereon referred to ad)] a simple model, of degrees of freedom associated with color, flavor, and spin,
representative of QCD, was introduced and applied to thend the orbital degree of freedom, which is contained in the
calculation of the spectrum of mesons. It is a Lipkin typedegeneracy @ of each of the quark levels.
model[2] for the quark sector, coupled to a boson level that In this work we investigate the behavior of the model, in
is occupied by gluon pairs with spin zero. The four param-the finite temperature regime. By starting from the model
eters of the model were adjusted in order to reproduce 13redictions of the meson spectrum, we calculate the partition
known meson states with spin zero or one. The calculateflinction and different thermodynamical quantities, such as
spectra, for mesons with spin different from the ones used ifhe energy density and the heat capacity as a function of
the fit, were found to be in qualitative agreement with datatemperature. Next, we focus on the calculation of meson pro-
As reported in(l), the calculated meson states contain manygyction rates. As we shall show, these production rates are in
quarks, antiquarks, and gluons. The gluon contributions wergajitative agreement with the experiments. Also, we calcu-
found to be of the order of 30%. The model predictiéhs |ate absolute production rates for pions and kaons. Finally,
are free of the so-called multiplicity problem, i.e., that awe concentrate on the transition from the quark-gluon-
given state can be described in many ways, which is replasma(QGP [11,12 to the hadron gas. The results support
moved due to the action of particle mixing interaction. Thethe notion that the present model may be taken as a toy
model itself resembles the one of R¢B], which treats  model for QCD.
nucleons coupled to pions. Also, it is related to the work of  The paper is organized as follows: In Sec. Il the model is
Ref.[4], which describes quarks and uses particle conservinghortly outlined, since the details have been presentéd.in
interactions. Generally speaking, the modellofoelongs to |y Sec. 11l we calculate the partition function and give the
the class of models described in R€f5,6]. The gluon part  expressions for the relevant observables. In Sec. IV the
in (1) is fixed[7] and does not contain any new parametersmodel is applied to the description of the QGP. There, we
The validity of the basic theoretical assumptions, and thgyresent and discuss the results corresponding to some

applications to low and high temperature regimes, has beefranching ratios and absolute production rates. Finally, con-
studied for mesons with flavdf,0) and spin 8]. The aim  ¢|ysions are drawn in Sec. V.

of these studies was to formulate a manageable, schematic,

albeit realistic, model to describe qualitatively QCD at low

and high energies. Since the model is algebraic, i.e., all ma- Il. THE MODEL

trix elements are analytic, and exactly solvable, it can pro-

vide a nonperturbative description based on QCD relevant As described in(l), the fermion(quarks and antiquarks

degrees of freedom, such as quarks, antiquarks, and gluorsector of the model consists of two levels at energias;

This, in turn, allows to test other microscopic many bodyand — w;, each level with degeneracy2=n.n;ng, where

techniques previously applied to the nonperturbative treatn.=3, n;=3, andn =2 are the color, flavor, and spin de-

ment of real QCO9,10]. Although the proposed modé) is  grees of freedom, respectivelyee Fig. 1 ofl)]. Each level
can be occupied by quarks. Antiquarks are described by
holes in the lower level. Equivalently, one can use only the

*Email address: jesgarz@nuclecu.unam.mx positive energy level and fill it with quarks and antiquarks
TEmail address: alerma@nuclecu.unam.mx with positive energy. The Dirac picture is useful because it
*Email address: hess@nuclecu.unam.mx gives the connection to the Lipkin model as used in nuclear
$Email address: civitare@fisica.unlp.edu.ar physics. The quarks and antiquarks are coupled to gluon
'Email address: reboiro@fisica.unlp.edu.ar pairs with spin zero. The energy of the gluon level is 1.6
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GeV [7], and the energyw; is fixed at the valuews spinS(S=0,1). The indeX is a shorthand notation for hy-

=0.33 GeV, which is the effective mass of the constituentoerchargey, isospinl, and its third component,. Under

quarks. complex conjugation the operator obeys the phase rule de-
The basic dynamical constituent blocks of the model ardined in Ref.[13].

quark-antiquark pairBIf,SM that are obtained by the cou-  The states of the Hilbert space can be classified according

pling of a quark and an antiquark to flaver(A=0,1) and to the group chain

[1M] [h]=[h1hzhs] [h']
u(4Q) DU(%) ® U(12
U U
(Mg mc) SUc(3)  (Ng,ue)SUH(3)®@SUs(2)S,M, (1)

where the irreducible representatidirseps of the different  describes scattering and vacuum fluctuation terms of fermion
unitary groups are attached to the symbols of the groups. Thaend gluon pairs. The strengi, 5 is the same for each al-
irrep of U(4Q) is completely antisymmetrifermiong and  lowed value ofA andS, due to symmetry reasons, as shown
the ones of U2/3), the color group U(3) fo=9, and in (I). The matrix elements of the Hamilton operator are
U(12) are complementaijL4]. The color irrep &¢,uc) of  calculated in a seniority basis. The interaction does not con-
the color group SY(3) is related to theh, via A\c=h; tain terms that distinguish between states of different hyper-
—h, and uc=h,—hs. The reduction of the U(12) group to charge and isospin. It does not contain flavor mixing terms,
the flavor[ SU;(3)] and spin grouf SU(2)] is obtained by either. The procedure used to adjust the four parameétats
using the procedure described in Réf5,16]. In Eg.(1) no  ues ofV,g) was discussed in detail if).
multiplicity labels are indicatef@isee(l)]. The disadvantage posed by working in the boson space is
The classification appearing in E@) is useful to deter- the appearance of unphysical states|)rwe have presented
mine the dimension and content of the Hilbert space. Instead method that is very efficient in eliminating spurious states,
of working in the fermion space we have introduced a bosoras we shall show in this paper. The suitability of Hamiltonian
mapping[17,18. The quark-antiquark boson operators are(3) to describe the gluon pair and quark-antiquark pair con-

mapped to tents of mesons has been discussed in detdil)in
As a next step, in this paper, we have introduced tempera-
BJ{f,SMH be,SM, ture and discussed the transition to and from the QGP. As can
be expected, because of the schematic nature of the model,
Byt.sm— brt.sm (20 we may attempt to describe only the general trends of the

observables. To achieve this goal, further assumptions have
where the operators on the right hand side satisfy exact bde be made with respect to the volume of the system because
son commutation relations. the model, as has been proposedljnhas noa priori infor-
The model Hamiltonian is defined completely in the bo-mation about the volume of the particle.
son space and is given by

. ) lll. THE PARTITION FUNCTION, SOME STATE
H=2wn;+ wpny+ ;S Vysi [(blg)?+2bl g by s+ (byg)?] VARIABLES, AND OBSERVABLES

The group classification of bagi$) allows for a complete

x| 1— e b+bfl 1— i)[(b;[s)vaZbIs- bys bookkeeping of all possible states bel_o_nging to the Hi!bert
2Q) 2Q) space of Eq(3). The corresponding partition function, which
contains the contribution of the quark-antiquark and gluon
+(b>\s)2]]y 3) pgir configurations introduced in the preceding section, is
given by

where @] g% = (bls-blo) is a shorthand notation for the
scalar product. Similarly fork{,)? and (bIg b,s). The fac-
tors (1—-n¢/2Q)) simulate the terms that would appear in the
exact boson mapping of the quark-antiquark pairs. Bhe
and b are boson creation and annihilation operators of the % 2 E mult(E;)e FEI~reB-as—wmlad)  (4)
gluon pairs with spirS=0 and color\ =0. The interaction P=+

Zag=2 dim\c,uc) > X (23+1)

[h] (Nfopg) I
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whereug, us, andy, are the baryon, strange, and isospinwhere Z, is the contribution of all gluon statgg], which
chemical potentials, respectively. The sum ovgh] does not include contributions of gluon pairs with spin zero.
=[h¢h,h3] denotes all color irreps of U(3) witk,h,=N, It is written Z,=3 ,exp(—BE,). The valuest, can be de-
where N is the total number of quarks in the two levels duced by using Eq40) of Ref. [7]. Except for the gluon
(Dirac’s picture. The transposed Young diagrarh], ob-  pairs with spin zero, all other gluon states are treated as
tained by interchanging rows and columns, denotes thepectators because the Hamiltonian in B).does not con-
U(12) irrep. The index I refers to all states with the same tain interactions with these other states. Note, that the inter-
color, flavor, spin, and parityR). These states are obtained action between the gluons is taken into account explicitly in
after the diagonalization of HamiltonigB). For mesons be- the model of Ref[7]. As a shorthand notation we will ab-
longing to them-» and w-p octet, the mass values entering breviate the partition function by =3;e %4, taking into

in Eq. (4) do not take into account flavor mixing. The eigen- account that; contains the information about the chemical
valuesE; are denoted by the eigenvalue indeand they are  potential, and the contributions of the quarks and gluons.
functions of all the numbers needed to specify the allowed The observable¢O) are calculated vifl9]

configurations, namelys, (\¢,u:), P, S [h], and of the

cutoff for the different boson specig¢a.,S] [see(l)]. The 2 Oe B
guantitiesB andl, are the baryon number and the third com- i
ponent of the isospin. According to the experimental evi- (O)= . )

dences the valug, =0 is a reasonable approximation, and
we have consistently adopted it in our calculations. The diwhere the indexa denotes the color configurations, i.&;
mension corresponding to color configurations is given by=(0,0) when only color zero states are considered and
mult(N, i) =3 (N s+ 1) (me+ 1) (N +us+2) and of the =c when also states with definite color are allowed. This
spin by (21+1). distinction is needed to investigate the phase where color
Since the eigenstates of Hamiltoniéd) have been calcu- confinement is effective and the phase where color is al-
lated after performing a boson mapping, as described)jn lowed over a wide area of space. The quantities to calculate
we have consistently fixed the corresponding cutoff values atre the internal energyE)), heat capacity(C)), average
2Q, Q, 2Q/3, and /3 for the boson pair specig®,0],  baryon number(B)), strangenesg§)), and the expectation
[0,1], [1,0], and[1,1], respectivelysee(l)]. These values are value of different particle speciegr()), wherek refers to
adequate when the fermidguark-antiquarkconfigurations  the quantum numbers of a particular particle abg(n,)
entering in the boson states correspond to a full occupatior: 1, with the sum over all possible quantum numbers.
of the fermion lower state{ w¢). These numbers may be  The particle expectation values have a simple expression
modified when the fermion configurations correspond tobecause they select one of the eigenvalues at the time, thus if
states where the upper level is partially occupied and thene state of a given particle is denoted by and E; is its

lower level is partially unoccupied. The distribution of the energy, the particle expectation value is given by
occupation in the upper and lower fermion levels is fixed for

a lowest weight statdw) of a given U(12) irrep, defined by e PE~ 1B us)

Byr.svllw)=0. The irrep of U(12) is given by a Young <ni>:z—a ®)
diagram[14] with m, boxes in thekth row. The lowest

weight state is given b¥¢_,m, quarks in the lower level (where we have used the valpg=0, for the isospin chemi-
and =% ,m, quarks in the upper level. The highest weight cal potentig.

state is obtained by interchanging the occupation. The differ- At this point we have to make an assumption upon the
ence of the number of quarks in the upper level, appearing iolume considered. The whole reaction volume can be di-
the highest and lowest weight states, gives the maximal nun¥ided in elementary volumes, and we assume that the el-
ber of quarks we can excite for a given12) irrep. This ementary volume \(¢)) is of the size of a hadron, corre-

number is given by sponding to a sphere with a radius of the order of 1 fm. Later
on we shall show that this choice is reasonable, as seen from

6 12 the calculated thermodynamic properties of the whole sys-

2]= E m— 2 m . (5) tem. Another gssumption is relgted to the interacti_on, which

k=1 k=7 does not take into account confinement. We shall discuss two

scenarios, namely(a) no additional interaction related to
For the cas§3°06], used in(l), we foundJ= Q. Therefore, Ccolor is taken into account for temperatures above a critical
2J is the maximal number of quarks we can shift to the (deconfinementvalue, and(b) confinement is operative for
higher level, i.e., it is equal to the maximal number of quark_temperatures below the critical deconfinement temperature.
antiquark pairs that can be put on top of the lowest weight" the regime(a) the lowest state with cold(1,0) lies at the

state of a given U(12) irrep, which is also the state with theEN€rgy 2»¢, and it corresponds to putting one quark in the

lowest energy in absence of interactions. upper fermion level. Although it is a possible configuration,
The total partition function is given by Hamiltonian (3) cannot act upon it. This is consistent with
the fact that above a certain temperatdrg (deconfinement
7_7 .7 ©) temperaturg only golor non_singlet stgtes are allowed. The
499" actual value ofT; will then give us an idea about the regime
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FIG. 1. Internal energy as a function ©f The dashed line corresponds to the exact result in the fermion space, without interaction. The
dotted line is the internal energy calculated in the boson space with the cutoff for the different boson species, as discussed in the text. The
solid line represents the results obtained with the full Hamiltonian and calculated in the boson space. No additional color interaction is taken
into account.

where hadronization is operative. In the real world hadroni+ange of temperatures. This does not imply that all unphysi-
zation, i.e., confinement, should set in below a critical tem-cal states have disappeared, but rather that the approximate
perature, as a true phase transition. In our model this will benethod of cutting unphysical states works reasonably well.
signaled by a sharp transition from a state where color nonthe curve shown by a solid line, in the same Fig. 1, gives the
singlet states are still allowedT&T.) and a state where internal energy obtained from the calculation performed in
confinement is effectiveT<T,). the boson space and in the presence of interactions. Although
the curve does not show a clear phase transition of first order
(e.g., a sharp increase of the energy in a narrow interval
around T.) the behavior around;=0.170 GeV is pretty
suggestive of it. We have interpreted the observed smearing-
We shall first discuss the case where no additional coloput of the curve as follows: foT=0 the vacuum state is
interaction is taken into account. The states with enégy dominated by pairs of the typlel,0] and in this channel a
for a given flavor, spin, and parity are obtained from the
diagonalization of the model Hamiltonian, now including
flavor mixing and the corrections due to the Gel’'man-Okubo
mass formula for the two lowest meson noné&se with
spin zero and the other with spin.1n Fig. 1 we show the
internal energy as a function of the temperatlyevith and Br Ca 7
without interactions. The results shown by a dashed line have
been obtained by calculating the internal energy in the fer-10
mion spacewithoutinteractions. In this case the Hamiltonian
has a simple image in the fermion space and the calculations ,
of the partition function can be performed exactly. The dot- /
ted line shows the results obtained by working with the bo- o ! 1
son mapping, and by enforcing the corresponding cutoffs in 0.5 01 015 02 0.3
the maximal number of bosons, as explained above and in TV
(I). The internal energy is a good indicator of the number of FIG. 2. The expectation value of colo€¢=(C,), solid line)
active states in the Hilbert space. Note that the results showind its variation 4 C,= (C2)—(C,)?, dotted ling as a function of
by both curves, the dotted and dashed lines, practically cof. The variation reaches the same value as the expectation value
incide. This suggests that the number of active states isroundT=0.170 GeV. The valuegiz= =0 were used in the
nearly the same in the boson and fermion spaces for a widealculations.

IV. DESCRIPTION OF THE HIGH TEMPERATURE
REGIME: THE QGP

T T T T

AC,

o
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FIG. 3. Temperature versus chemical potential. The curve gives FIG. 4. Chemical potentiaks as a function of the chemical

the boundary where the pressure of the system in an elementaRPteNtial ug, for zero local strangenegs) =0. To each pair of
volume of radiug =1 fm is equal to the bag pressure. The values"@lués ks and us) there corresponds a temperattrewhich is

of the temperaturd@ are given as a function of the chemical poten- détermined from the limiting values shown in Fig. 3.
tials ug (solid line) and u¢ (dashed ling The labelu denotes both
mp andus. nonical partition functiod19] andVy, is the elementary vol-
umeVg=4m/3r, . Forrg=1 fm we obtain a bag pressure

quantum phase transitig8] does indeed take place. By this p*# of about 0.17 GeV, which is in reasonable agreement
we mean that the paifd,0] are effectively blocked at high with standard values. When the chemical potentiaisand
temperature. The other channels contribute less significantly, are different from zero, the temperature dependence of
to the ground stat¢see (1)] and interact weakly than the the internal energy changes and also changes the value of the
([1,0]) channels, therefore, they remain in a perturbative retemperature for which the pressure is equal to the bag pres-
gime. Thus, as the temperature increases, an approximaigre p#=0.18 GeV. The results are shown in Fig. 3. As-
first order phase transition takes place in the chafihél, a suming that the local strangenesg$$=0, we arrived at a
mechanism similar to the one shown in R for the[0,0]  fynctional relation betweenT, ws, and ue, ie.,
channel, while the other configurations remain unaffectedf(T,MB'Ms)zo' which fixesus as a function ofug. The
The superposition of these two mechanisms leads to thggyits of this functional relation are displayed in Fig. 4.
smearing out of the curve aroufid, as shown in Fig. 1. Once the chemical potentiat, is adjusted, by using the

In Fig. 2 the expectation value of the Casimir operatoriegyits shown in Figs. 3 and 4, the chemical potentighnd

(C,=(Cp)) of color and its variation &C, the transition temperatufE, can be consistently determined.
= (C2)—(C,)?) are shown. The eigenvalue of the Casimir
operator, for an irrep with color numbers{,uc), is given

by Co(Nc.suc) =NE+Ncue + wé + 3(\c+uc). As aref-
erence, for a colof1,0) irrep C,=3, while the irrep(1,1) 25
hasC,=9. We assume thagig and ug are zero. It is inter-
esting to observe that, in the present model, the variation of
the color is approximately symmetric aroundl
=0.170 GeV. A possible interpretation is the following: at
high energy the probability to have a color nonsinglet state is
large (the variation is not large enough to allow color singlet
state$ and a QGP is formed where color is effective over a
wide range in space. From=0.170 GeV on, the probability

to find a state in colof0,0) is significantly increased, since
the variation is large enough to allow color singlet states. In s
lowering the temperature the variation is much larger than

the average color and the whole QGP dissolves in droplets of %o 005 o1 o1 02 0zs 03
color zero. Within the present model, these results, of the TGeY)

average color and its variation, are signals of the transitionto £\ 5. |nternal energy. The upper curve shows the results ob-

the hadronic phase. Accordingly, we assume that it takegined without considering confinement. The lower curve corre-
place nearT.=0.170 GeV, forug=pus=0. We may now  sponds to the results obtained with the inclusion of confinement.
calculate the bag pressure and construcflthgug diagram.  The solid line shows the results obtained with the partition function
At T=0.170 GeV the pressure is determined via the expreswvhere confinement is considered to be fully operative below
sion p=TIn(2)/Vy, Wwhere®=—TIn(Z) is the grand ca- T; (ug=us=0).

E(GeV)
-
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FIG. 6. Heat capacity of the system. The solid line interpolates FIG. 7. The dependence gis on the temperaturd, for ug
between the case with confinement befowand the case withoutit = 0-55 GeV and assumings)=0, for the SIS-GSI experiment
aboveT, (ug=p<=0). The dotted and dashed lines correspond,[20]; Au+Au at 10 GeV/nucleon.

respectively, to the case where color is allowed and the one without ) ) )
color. experiment demonstrates that the present model is able, in-

deed, to describe, approximately, observed QCD features.

. . . . We have also determined ratios of particle production and
Up to now we did not take into account an interaction that,

p his h h some absolute production rates. The particle production is
generates confinement. This has to be done by hand. Ong, e\ jated for temperatures just beldw, where only color
possibility is toassumethat the transition from the QGP 10 ,¢1q states are allowed. This implies that the partition func-

the hadronic phase takes p_lgce within a very small range Gfon to use iSZ0,0)- We then apply Eq(8). Note that in the
temperatures around the critical temperaflie We require  expression of the particle-production ratios the partition
that the partition function abové. allows any color while  function cancels out and only the dependence on the mass of
for T<T, it contains only color zero states. Finally, chemical the particles and the chemical potential remains. Figure 9
equilibrium connecting both phases, the QGP and the hadroshows results for some particle-production ratios for beam
gas, is understood. Figure 5 shows the results of the internahergies,'s=130A GeV. The experimental values are taken
energy, without confinemeritipper curve and with confine-  from Ref.[21], based on the experiment described in Ref.
ment (lower curve. The solid line connecting both curves [22] (see also Ref[23]). For baryons, only the ratios of
indicates the values for which confinement vanishes abovparticle and antiparticle production are shown because these
T.. As seen from the results, the transition is now of firstexpressions are independent of the mass of the baryon. As
order. Figure 6 shows the heat capacity calculated for theoted in(l), the masses of the baryons are not well repro-
case without confinemertlotted ling and with confinement ~duced because they are considered as consisting of three ide-
below T, (dashed ling The solid line interpolates between alized fermions on top of the meson sea. The interaction with
them, as in the case of the internal enetgge Fig. 5.

The model can first be tested in the energy region below
the transition temperaturg€., where the hadron gas should .
prevail. The confinement is effective and therefore we have
to use the partition functiod,— ) in Egs.(7) and(8). We 30
take, as an example, the measured total production rates of ol
«* at 10 GeV/nucleon, as reported in the SIS-GSI experi-
ment[20]. The system considered was AAu and we as- = 20
sume that all particles participate, i.®,,=394. In Fig.

2.3 of Ref.[20] a temperature of abo(t=0.13 GeV is re- 20
ported. Assuming local strangeness conservati®rs 0, we
obtain a relation ofug versusT, which is depicted in Fig. 7.

450 T T T

150

From there we obtain, for the reported temperatyig, 100

~0.128 GeV and via Fig4 a valueug~0.55 GeV. In Fig. 8

we show for a fixed value ofig, physically acceptable at "oz 0125 013 013 o1
temperatures nedf=0.13 GeV, the resulting total produc- Tieen

tion rate ofm* (N) as a function of the temperatuife For FIG. 8. Total production rate ofr* for Au+Au at 10 GeV/

T=0.13 GeV the production rate is approximately 180 pionsnucleon[20]. For T=0.13 GeV the totalw* production rate is
", which is close to the value of 160 obtained by using Fig.approximately 180. The valueg=0.55 GeV was used in the cal-
2.3 of Ref.[20]. The good qualitative agreement with the culations, as discussed in the text.
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number, given by the number of participarity,,. This

if l . leads to the total volume
} NpartV
partVel
08 } QQ 1 Viot= <B> ) 9
KIK* __ :
==
06 - . . where the indexa refers to, as in the partition function, color

(a=c) when the average value is calculated in the QGP and
a=(0,0) when it is calculated in the hadron gas. In the QGP
the average valuéB). before the transition is smaller than
the average valugB) o) in the hadron gas after the transi-

PP

04 B

Wl KimE K @K | tion. This is due to the small value &g at T, since
I ! I many other possible color states are excluded from it which

do contribute toZ.. As a consequence, far=T,. the vol-

0 ume of the QGP phase, as a function Mf,, is much

smaller than the one in the hadron gas phase. Assuming a

FIG. 9. Some particle-production ratios for the beam energiesS : . .
3l phere, the radius of the QGP phase is about 8 fm, and it
Vs=130A GeV taken from Ref[21]. The calculated values are changes to about 20 fm after the transition. This implies

hown with full r nd the experimental val re shown .
\?vit?]in error b;rssqua es and the experimental values are showfl, oo of the order of approximatelyx2.0° fm® and 3.4

X 10% fm®, respectively.

This transition is, as pointed out earlier, assumed to take
the meson sea is not taken into account yet, but indicationglace suddenly &f . (probably it should be smeared out, but
about how to do it are given ifi). we cannot describe it with the present mod@&his implies

The central value of th& /K™ production ratio, shown that within the scenario assumed there is a rapid expansion
in Fig. 9, was reproduced with the valupgg=0.012 GeV  of the volume caused by the transition from the QGP to the
and ug=0.044 GeV. The other ratios are predicted by thehadron phase, which should be observed as a large outward
model. Considering the simplicity of the model, the ratios aremotion. One possible interpretation is that most of the pions
found to be in a reasonable agreement with data. are produced during the transition, liberating energy and pro-

In order to obtain the total yields for kaons and for thé  voking a rapid expansion of the system. The energy gained is
pions it is necessary to introduce further assumptions aboutpresented by the jump between the lower and upper curves
the size of the QGP. The baryon density is given By/V, of Fig. 5, but its origin cannot be explained by the present
where Vg, is the size of the representative volume, as ex4nodel, where confinement was shifted by hand.
plained before. In order to conserve, on the average, the Figure 10 shows the total pion yield as a function of the
baryon number, we multiply the baryon density by the totaltemperatureTl, corresponding to the AuAu collision. The
volume and require that it must be equal to the total baryomupper curve describes the total yield when all nucleons par-

1800 T T T T T T

1600

1400

1200 | i

FIG. 10. Total production rate
of #*. The upper curve is for
Npart=394 (Aut+Au) and the
lower one is forN,=250. Data
are taken from Ref24]. Because
of u,=0, the production rate for
7~ coincides with the production
rate fora*.
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N

800
600 |

400

0 1 1 1 1 1 1
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. 0.0 0.1 0.2 0.3 0.4 0.5
”””””””” T(Gev)
00 0.164 0.165 0.166 0.167 : ; .
T (GeV) FIG. 12. Expectation value of the fermigguark-antiquarkand

gluon pairs. The symbolg,,; andZy,, on each curve, indicate if

FIG. 11. Total production rate ok* (upper curvg and K~
(lower curve for Ny,,=250. Data are taken from RgR4].

ticipate, while for the lower one we have takeéM,

color was allowed. The upper indicédsand g on the Z refer to
fermion and gluon pairs, respectively.

some observables, such as the internal energy, the heat ca-

=250. This value agrees better with the experiment, as seefacity, and the production rates of particles. The parameters
from the results, and it means that in the collision about 25Gf the model were determined ift), adjusting the meson
nucleons participate in the QGP. In Fig. 11 the total kaonspectrum at low energy. Without further parameters the in-
production rate is displayed. The upper curve corresponds t@rnal energy, the heat capacity, and some particle ratios were
K™* and the lower one t&K ~ absolute production rates, re- determined, as explained in the text.

spectively. In both casebly,=250 was used, the same  \ye have applied the model to the case of the+Aw
value u;ed previously in the calculation _of the pion y'elq-collision at 10 GeV/nucleofi20] and shown that it can re-
The ratio of the curves was already adjusted at the poinfyqq,,ce qualitatively the absolute production ratesof At

corresponding to th& /K~ ratio. The absolute production this energy the QGP has not yet formed and, therefore, the

rate and the shape of the curve, howev“er, are a pr?du_:tlt_)n %sults show that the model can be applied to study schemati-
the model(as far as we can talk about “predictions” within .
cally the thermodynamics of a hadron gas.

this toy mode). Considering the simplicity of the model it is Next, we have applied the model to energies where one

surprising that the absolute production rate is well repro-
duced. This feature is common to other thermodynamicafSSUMes that the QGP has been already formed. The absolute
roduction rate ofr™ and kaons were calculated, just below

descriptions of the transition from the QGP to the hadron gaQ o - A
[21,23. the transition temperature, by taking the number of partici-

Finally, in Fig. 12, we show the calculated expectationPant nucleonsNy,) as an input. The agreement between
values of the number of quark and gluon pairs as a functiog@lculated and experimental values was found to be satisfac-
of the temperaturd. At T=0 GeV the results correspond to tory. Also, the resulting production rate was described rea-
the fractions of gluon pairs and fermidiguark-antiquark ~ sonably well, once thets chemical potential was fixed to
pairs in the physical vacuum state. At high temperatures thgield the correct(observed central valyjieK*/K~ ratio.
gluon part increases and takes over the fermion part, whicBome mass-independent baryon-antibaryon ratios were
shows saturation. However, at the temperatures of interesgualitatively reproduced by the model predictions. This dem-
i.e., around the point of the phase transitiby==0.16 GeV, onstrates that the model is able to describe the general trend
the gluon number is still suppressed with respect to the feref QCD, in the finite temperature domain, and the transition
mion pair number. This might be in favor of the ALCOR to and from the quark-gluon plasma.
model [25] which supposes a suppression of gluons in the
QGP and takes only constituent quarks and antiquarks into
account. Note that afi=0.170 GeV still a sensible amount
of gluon pairs are present.
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