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We have studied the phase diagram and evolution of a strangelet in equilibrium with a finite hadronic gas.
Significant finite size modifications of the phase diagram are found and their parameter dependences are
studied. With the inclusion of finite size effects we have also been able to obtain the detailed properties of the
cold strangelet emerging in the final stage of the isentropic expansion of a finite strange fireball in high energy
heavy-ion collisions[S0556-281®6)02608-§

PACS numbes): 25.75-q, 12.39.Ba, 21.65:f, 24.85+p

I. INTRODUCTION The present paper follows the work of Lee and Heizto
study the phase diagram and evolution of strangelets in
It was speculated by Wittefil] that some of the dark heavy-ion collisions, while extending it to include the essen-
matter in the universe might possibly exist in the form oftial finite size effects. We find that there are indeed signifi-
strange quark matteiSQM), which consists approximately cant finite size modifications of the phase diagram and evo-
of the same amount of up, down, and strange quarks, andtion of strangelets. A realistic calculation that attempts to
might be formed after the big bang when the universe underprovide reliable information for the strangelets searches
went the quark to hadron phase transition. Another place thafhould therefore take finite size effects into account.
people can expect to find SQM is in the "“little bang,” i.e.,  To study SQM in the context of the MIT bag model we
high energy heavy-ion collisions. It was suppo$2]| that  haye generally two ways to account for finite size effects.
if a hot quark-gluon plasméQGB) is formed after the colli-  one employs the shell model, namely, solving the Dirac
sions, the cooling process of the QGP might result in dropgqyation with the bag boundary conditions and populating
lets of SQM, sq-called strangelets, which c_ould Serve as af}o anergy levels of the bd§,3,10. However, shell model
Enamb;guous S|g_naturel1;or the QGP fr?_rmanon. Iln fa.Ct’ SOM&alculations are very tedious even at zero temperature, and
eavy-ion experiment34] are searching or planning to become extremely difficult when one tries to study the phase
?ﬁagram and evolution. Another way to introduce finite size
effects of strangelets is to explore a continuous density of
urgent need. ey . : .
Recently Lee and Heinis] have presented a comprehen- states wlthln the framewprk'of multiple reflection expansion
sive study of the phase structure of a bulk strange quark!Ll: Which leads to the liquid drop modgT,12]. As shown
matter in equilibrium with a bulk hadronic gas. Assuming PY Madsen7], the liquid drop model reproduces the overall
Gibbs phase equilibrium and an isentropic expansion of thétructure of shell model results for strangelets, and allows
hot fireball, they found that under some conditions strangé“UCh easier calculations than the shell model. In this work
quark matter can actually survive the hadronization and coolwe shall use the liquid drop model to incorporate finite size
ing process, giving rise to strangelet formation. On the othegffects into the studies of the phase diagram and evolution of
hand, taking into account the particle evaporation from thestrangelets.
surface of the fireball, some rate calculati¢8H] have been This paper is organized as follows. In Sec. Il we give a
carried out to study the distillation and survival of strangeletsdescription of equations of state for the QGP and hadronic
in heavy-ion collisions. In this work we study finite size phase, with an emphasis on the inclusion of finite size effects
effects on strangelet formation, an important aspect whictin the QGP phase. In Sec. Il we study the phase diagram of
has been neglected in the above-mentioned calculations. a strangelet in equilibrium with a finite hadronic phase, as-
It has been shown that finite size effects may stronglysuming the conservation of total baryon number and strange-
destabilize small strangelets at zero temperdftikeand sig-  ness in the system. It is shown that the inclusion of finite size
nificantly modify the properties of strangelets at finite tem-effects can modify the phase diagram in a significant way.
perature[8]. Finite size should be important as well in the The isentropic expansion of the system and possible forma-
study of the possible formation of strangelets, which are extion of cold strangelets are explored in Sec. IV. We find that
pected to be produced small in heavy-ion collisid@s3].  in contrast with the bulk case the inclusion of finite size
effects will give even more restrictive conditions under
which dynamical formation of a cold strangelet is possible.
"Electronic address: hyb@ccastb.ccast.ac.cn We summarize our work in Sec. V.

tions of strangelets formation in heavy-ion collisions are in
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[l. EQUATION OF STATE zero temperature. We see that significant finite size effects
A. QGP phase can be given by an approaph of multiple reflection expan-
sion, which can be relevant in the study of QGP phase struc-
We consider the QGP phase as a gas of free massless tige.
and down quarks rh,=my=0), massive strange quarks  After the construction of the thermodynamic potential, we
(ms=150 MeV), and their antiquarks and gluons confined incan readily obtain the thermodynamic quantities of the sys-
an MIT bag. In the multiple reflection expansion of Balian tem as follows. The number of quarks can be derived from
and Bloch[11] the density of states for particle species

present in the bag is given by NQ— _(«9_9.) ®)
i aM !

dN; 1 S(m S(m, HTve

— =0 5KV D = |kR+ | —|CO+.. .},

dk 27 k

and
(1)

For spherical QGP droplet¢®=47(R?)33 is the volume NozlE N. @)
of the bag, SP=47m(R?)? is the surface area, and bog4

CP=8=R" is the extrinsic curvature of the bag surface. The
factorg; is the statistical weight6 for quarks and antiquarks gives the total baryon number of the QGP droplet. The total

and 16 for gluons entropy of the QGP phase is
The functionsf{) andf{) are surface and curvature terms
for particle species. The surface term for quarks was given Q= _ (@) )
by Berger and Jaffgl3] as T/ o o
f“”(%) =— i[ 1- Earctan£] (2)
S\ k| 8w T mg | B. Hadronic phase

. Now we consider the equation of state for the hadronic
In particular, the surface term for massless quarks and gluonﬁhase We model the hadronic phase as a mixture of Bose-

is ;ero. The curvature term for gluonsfig)= —1/672 [14], Einstein and Fermi-Dirac gases of mesoms K, and 7,
while for massless quarkl’;(cq)(O)=—1/241-rz [15]. It has  paryonsN, A, 3, Z, Q, and A, and their antiparticles
been shown by Madsel7] that the following ansatz works [16,17. We will show below that using this limited particle
for the curvature term for massive quarks: spectrum gives practically identical results compared with
m 1 3K K the case in which a spectrum of all hadrons upite- 2 GeV
f<q><_q = { — —(z—arctan— ] 3 is used and is thus sufficient for the study of the phase dia-
c 2 : , .
k) 12w 2mg |\ 2 m gram. We can write down the pressure, particle number, and

energy density expressions for pointlike hadron specias
The thermodynamic potential of the QGP phase can b?ollov?)s/: y exp P P

derived from

q

Ji * k4 1
pt_ = _
Q=2 Q;+BW, (4 Pi GWZJQ dkEi(k) elBito—puillT+ 1" ©
|
H ro 2
whereB is the bag constant, and the thermodynamic poten- Npt:giv J K K (10)
tial of particle species can be written as b2m? elEit0—uillT+ 9
* le 2

= R + —TE. — i g [~ k<e;i(k)

Q; +Tf0 dk Jk IN(Lxexp{—[E;i(k)—u;1/T}) sipt:iz_ : d m (11)

=0 W+ Q; S+ C?, 5 N o
’ ’ ’ whereg; = (spin) X (isospin is the degeneracy factor for each

with the upper sign for fermions and the lower for bosons.hadron, thex signs correspond to Fermi-Dirac and Bose-
Here u; is the chemical potential. We have assumed isospirEistein statistics, ang; is the chemical potential of hadron
symmetry so thaj,=uq= 4, and there are two indepen- species and is given by the net numbers of light quark and
dent chemical potentials in the QGP phase, namelyand  strange quarksANy, ANg, as

M. TO get an impression of the finite size effects introduced . A

here, we have plotted in Fig. 1 the temperature dependence ,ui=AN'q,u3+AN'S,u§, (12

of individual surface and curvature contributions of particle

species to the thermodynamic potential. One sees from Fig. if chemical equilibriums are assumed.

that they are all increasing functions of the temperature. For The thermodynamic quantities for the hadronic gas are
a baryon and strangeness free QGP drofiet., uq corrected by a Hagedorn eigenvolume factor-(PY4B) ~*

= us=0) the surface and curvature contributions vanish ato take into account the repulsive interactions between the
zero temperaturgFigs. 1@ and Xb)], while for nonvanish- hadrond17,16], which is essential for the existence of phase
ing chemical potentials there are finite contributions even atransition in the considered model,
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We want to emphasize that a finite hadronic phase, in-
stead of a bulk on¢12], is considered in this work. In the
case of a bulk QGP phase in equilibrium with a bulk had-
ronic phase, the conservation of total net baryon number and
strangeness in the system is expressed in terms of a fixed
strangeness fraction, namely, the net number of strange
quarks per baryon. In our work, however, to include the fi-
nite size effects we have considered a finite QGP phase,
whose volume, baryon number, and strangeness have been
specified. Therefore, if the system consisting of a QGP phase
and a hadronic phase is assumed to conserve total net baryon
number and strangeness as a whtie conservation of total
net baryon number and strangeness will be discussed further
below), the volume of the hadronic phase has to be specified
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FIG. 1. Temperature dependences of the surface and curvature contributions to the thermodynamic potential of liglaf) quaaksiye
strange quarky), and gluon §) for vanishing and nonvanishing chemical potentials. The “sum{tinand(d) stands for the total curvature

contributions.
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as well in order to conserve the total net baryon number and The phase diagram of the system is determined by EQs.
strangeness in a consistent way. On the other hand, we hay&6)—(19), and shown in Fig. @) for parameter8'=180
not included surface and curvature contributions from hadMeV, m,=150 MeV, and a fixed strangeness fraction
rons in our calculations since we have not found appropriatgnamely, net number of strange quarks per baryiqs:0.5.
expressions for therfil8]. Nevertheless, there were expec- The solid lines in Fig. @) illustrate our results for a finite
tions that these contributions from hadrons may be less imsystem with total net baryon numbBE*'=100 and strange
portant compared with those from quarks and giudi%20.  quark numbemN'*=50. To be more specific, the solid line
separating the pure QGP phase and mixed plikH® is
lll. PHASE DIAGRAM WITH FINITE SIZE EFFECTS obtained by setting/"':o in Egs.(17) and(18), and solving

— Q ; tot
We start this section with a description of our scenario. IfEﬂf' (16)~(18) for (uq,us,R¥) at a givenT, N, and
a baryon-rich QGP is formed in high energy heavy-ion col-Ns  On the other hand, drawing the boundary between the

lisions with an equal number af ands quarks, the system Mixed phasgMP) and hadrontL(t: gagHG) is a little more
will suffer a strangeness enrichment due to the early blackdelicate. For a given value of , We solvet Fqs(lG)—(lQ)
body radiation of more kaongjf) than antikaonsqs) off  OF (kq.ks,ROV™) at fixed T, Ni*, andNg" We then in-
the fireball, and then the system reaches the phase coexi§tease the value of® until V*®is so large that Eqg16)—
ence regiof3]. We shall study the phase diagrdthis sec- (19 have no solutions for &g, us,R2,V™), which implies
tion) and further the phase evolutiqnext sectioh of the  that the QGP and hadronic phase can no longer coexist in
resu|ting System with finite net Strangeness_ equilibrium, and thus we have reached the boundary between

Following the work of Lee and Heinfs] we consider a  the mixed phaséMP) and hadronic gagHG). We observe
quasistationary phase transition between the QGP and hathat at the MP-HG boundary the QGP droplet may have
ronic gas, which assumes that the thermodynamic equilibdonvanishing baryon number and strangeness, which is of
rium time as well as the hadronization time is small com-course a consequence of the inclusion of finite size effects.
pared to the lifetime of the mixed phase so that a completd 0 check the consistency of this solution procedure, we have
thermodynamic equilibrium can be held during the wholealso tried to decrease the value 8" while solving Egs.
phase transition. In this work we have not taken into account16)—(19) until no solutions exist, and found that we exactly
the effects of particle evaporation off the system which mayarrived at the QGP-MP boundary, which we have obtained
change the total net baryon number and strangeness conteHove.
of the systeni3,6]. As a result, the total net baryon number  In comparison with the above case of a finite system, the
in the system is kept a constant. Furthermore, since we exlashed curves in Fig(@ show the phase diagram of a bulk
pect that the typical time scales in heavy-ion collisions ar€QGP in equilibrium with a bulk hadronic phase, i.e., without
too short to establish a flavor equilibrium due to the wealkfinite size effects, which is identical to the results of Lee and
interactions which can convert strange quarks to nonstrangd€inz in Fig. Gc) of Ref. [5]. One sees from Fig.(3) that
quarks and vice versa, it is assumed that the total net strangte hadronic phase grows significantly with the inclusion of
ness in the system is conserved. Note that the total ndthite size effects, while the QGP-MP boundary is little af-
baryon number and strangeness can be simultaneously col¢cted by the finite size corrections. We shall show in next
served in a consistent way only when a finite hadronic phasgection that this growth of the hadronic phase will greatly
is considered in connection with a finite QGP phase, as wé&educe the survival probabilities of cold strangelets which we
discussed in Sec. II. wish to find in heavy-ion collisions.

The Gibbs equilibrium between the QGP and hadronic The dotted lines in Fig. ) are plotted forNy'=50 and
phase is given byPR=P" (mechanical equilibriusp ~ NP'=25 to show how the finite size modifications of phase
TO=T" (thermal equilibrium, and ud=pul', ud=put  diagram vary with the giveNy* and N5, in comparison
(chemical equilibrium Taking generally the temperatures with the bulk case€dashed linesand the case ofl!®'=100
and chemical potentials in the two phases equal, we are lefind fo‘: 50 (solid lineg. It is of no surprise that with
with the pressure balance between the two phases, smaller Ni®* and N®* the smaller system has its phase dia-

. _ oH gram modified more prominently by the finite size effects.
PQ(T”“Q msiRY=P (T qts) (16 To see how the modifications of phase diagram due to the

Note that the pressure generated by the QGP phase is a furfB¢lusion of finite size effects are affected by the bag con-
tion of the QGP droplet radiuB?, since we have included StantB, we h‘?/Xe plotted in Figs.(B) and Zc) the phase
finite size effects in the equation of state for the QGP phaséliagrams foB™"=145 MeV and 235 MeVf=0.5, with all

The conservation of total net baryon number and stranged@shed lines for a bulk system, and all solid lines for a finite
ness in the system gives two constraints, system with total net baryon numbBbi>'=100 and strange

quark numbeN®'=50. We see that finite size modifications
NE'= NR(T, sq, ;R +NE (T, g 1s;V?) (17 are more significant for larger bag constants. This can be
understood roughly that for giveNy', N, and T, larger
bag constants generally correspond to more compact and
tot_ nQ . H A /H smaller QGP droplets in equilibrium with a hadronic gas,
NS=NS (T kgt RE) NS (T g ias V), (19 and thugmore irﬁportant f?nite size effects. However:q we
where the volume of the hadronic phase is given by want to point out that the solid line in Fig(@ separating the
mixed phasé€MP) and hadronic gatHG) is somehow out of
VvH=ytt_\Q, (19)  control at regions of high baryon number density. This

and
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difficulty may come from two origins. First, at regions of mation of a cold strangelet can be possible.

high baryon number density the chemical potentials may be-

come very large anq Iea_d 'go some numeripal uncertainty in IV. FORMATION OF COLD STRANGELETS

the relevant Bose-Einstein integrations, which can be solved

by further careful examinations. Another possibility is that at  In this section we turn to study the evolution of the sys-
these regions the radilR® of a QGP droplet in equilibrium tem to see how a cold strangelet could be formed in the final
with a finite hadronic gas tends to become so small (fm)  stage of evolution and what its characteristics look like.
that the multiple reflection expansion in powers oR9/  While a full dynamical investigation of the fireball evolution
which we have adopted to introduce finite size effects, coulds beyond the scope of this work, we assume that the system
be somewhat dangerous, as previously warned by Madse#xpands adiabatically, conserving its total entropy during the
[7]. Fortunately, in our calculations this difficulty sets in gen-Whole evolution[16,21. Note again that we have not in-
erally for very large bag constants. As it is expected that foccluded the process of surface evaporation which may change
sufficiently large bag constant strangelets can neither bthe entropy, net baryon number, and strangeness of the sys-
stable nor metastable even at zero temperature and the fdem. Therefore what we are exploring is a system that expe-
mation of cold strangelets in heavy-ion collisions is veryriences a smooth hydrodynamic expansion, conserving the
unlikely [3,6], therefore this problem will not become seri- total entropyS'®, net baryon numbeN[®, and strangeness
ous if we are only interested in the cases in which the forN®'[3]. As we have already described in Sec. IlI, the system
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FIG. 2. (a) Phase diagrams for a QGP phase
in equilibrium with a hadronic gagHG), with
bag constanBY*=180 MeV and fixed strange-
ness fractionf;=0.5: dashed lines for a bulk
QGP and a bulk hadronic gas, solid lines for a
finite system with total net baryon number
N®=100 and net strange quark number
N¥'=50, and dotted lines forN®'=50 and
N9'=25, Note that the pure QGP phase and the
hadronic gagHG) are separated by a finite mixed
phase(MP). (b) Phase diagrams for a QGP phase
in equilibrium with a hadronic gas$HG), with
BY4=145 MeV and fixedf,=0.5: dashed lines
for a bulk QGP and a bulk hadronic gas and solid
lines for a finite system withNf'=100 and
N¥'=50. (c) The same as in(b) but for
BY4=235 MeV.
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considered here may have nonvanishing net strangeness duaeavy-ion collisions without finite size effects may have to

to the early surface radiation of hadrons after the collisionsbecome somehow less optimistic with the inclusion of finite

We first look at a QGP fireball which is expanding isen- size effects.

tropically and cooling down until it reaches the boundary of  The inclusion of finite size effects may also affect in some
mixed phase. The isentropic expansion trajectories in thgyay the strangeness separation process during the phase tran-
pure QGP phase are determined by solving sition which is an essential ingredient for the possible forma-
tion of cold strangelets in heavy-ion collisiof3]. Figure 4

Nfaor: NS(T'Mq s RY), (20) shows the evolution details of the QGP droplet correspond-
tot_ 0 .50 ing to the isentropic expansion trajectory for a system with
Ne™=Ng (T, pq.15:R%), @) zero net strangeness aB8YN[>'=5 in Fig. 3a). In Fig. 4a)
the system experiences a cooling in the pure QGP phase and
and a reheating in the mixed phase which is mainly due to the
Sot— SQ(T,,uq 10 RQ) 22) energy surplus when quarks in the QGP are converted into

hadrons in the hadronic gas. Figuréyshows a smooth
variation of chemical potentialg, and us during the phase
transition. In particularug remains zero in the pure QGP
thase whose net strangeness is zero, but increases continu-
: : : : .ously in the mixed phase even though the net strangeness of
and mixed phase, which we have obtained in the phase dl?ﬁe ysystem remaiﬁs 2610 indicagng the occurrgence of

gram given in last section, strangeness separation which can be seen also in Y. 4
Afterwards the isentropic expansion trajectories go into 9 P '

- . ~ from a continuous increase of the strangeness fradfoaf
wi?hmlxed phase and are given by EGE6)~(19), together the QGP droplet. During the evolution in the mixed phase

the net baryon numbemﬂ,,g [Fig. 4d)] and radiusR® [Fig.
S= ST, pq ;R + S (T, g s: V), (23) 4(e)] of the QGP droplet decrease monotonously. However,

at the boundary between the mixed phase and hadronic gas
which are solved for T, uq s, R, VP at fixed NI, NI, NS andR? do not vanish, and only a rather moderate value
St and variousV™®., When we increase the value o of fSQ can be reached. This is quite different from the corre-
while solving these equations, two phenomena may be obsponding cases for bulk phases studied previolB®2], in
served. One is that these equations have no solutions fayhich the QGP phase diminishes at the MP-HG phase
(T,Mq,Ms,RQ,VH) when V® is large enough, which is boundary and the strangeness separation mechanism works
found to be the very case in which the expansion trajectoryn & much more effective way, leading to a much larger value
hits the MP-HG boundary at some point. This observatiorof f& In fact, as we already know from studies of phase
further confirms the consistency of our treatment of finitediagrams that the hadronic phase grows on account of the
size effects. In this case the expansion trajectory will thermixed phase with the inclusion of the finite size effects, we
enter the hadronic phase, corresponding to a complete hadan expect that the inclusion of the finite size effects tends to
ronization, and no cold strangelet could be formed. Anothemake the strangeness separation proceed to a less extent.
important phenomenon is that faf®—o Egs. (16)—(19) Since the strangeness separation mechanism appears so im-
and (23) can always be solved at ﬁxemg’t, NtSOt, and St portant in calculations of the possible formation of cold
giving T—0. This implies that a cold strangelet could appearstrangelets in heavy-ion collisions, we thereby feel it a sub-
in the final stage of the evolution, which is of great interest instantial task to include finite size effects in future relevant
heavy-ion experiments. investigations.

As manifestations of the above discussions, we show in Now we study the formation of cold strangelets in heavy-
Fig. 3 isentropic expansion trajectories of the system througin collisions. The isentropic expansion trajectories in Figs.
the phase diagrams foBlM: 180 MeV, NE)OI: 100, and 3(C) and T{d) indicate that fOfStm/NLOt:5 the System will
Ni°= 0, 50, 100, and 200, or strangeness fractibgs 0, always stay in the mixed phase and expanq infinitely to zero
0.5, 1.0, and 2.0. Our Fig. 3 can be compared with the resul§mperature and zero baryon number density, resulting in the
of Lee and Heinz for bulk phases given in Fig. 6 of H&ff ~ formation of a cold strangelet. As an essential consequence
to see how the inclusion of finite size effects can modify thef the inclusion of finite size effects, we can now obtain the
isentropic expansion trajectories of the system. It can be sedifOPerties of the surviving strangelet. For example, we list in
in Fig. 3 that for most cases the expanding system will had’able | the properties of_the re'_sultlng cold strangelet corre-
ronize completely. In particular, forf,=0.5 and sponding to the expansion trajectories ®P/Ny"'=5 and
SPYN©'=5 [Fig. 3b)], in contrast with the bulk casFig.  fs = 1.0 [Fig. 3(c)] and 2.0[Fig. 3(d)], respectively. Note
6(c) in Ref.[5]], in which the system will always stay inside thatin the case ofts°‘= 1.0 all net strangeness is in the drop-
the mixed phase and give rise to cold strangelet formationlet (NS=100), which is due to the fact that &t-0 chemi-
one finds that the inclusion of finite size effects tends tocal potentialsuy and us in the phase equilibrium configura-
make the formation of cold strangelets even more difficult.tion acquire values such that only nucleons but no strange
In fact, with an impressive observation from FigaRon  baryons are present in the hadronic gas.
how the phase diagram can be drastically modified by the However, the properties of cold strangelets given in Table
finite size of the system, we can expect that currently existt should not be taken too seriously for two reasons. First, an
ing calculations of possible formation of cold strangelets inisentropic and equilibrium expansion of the fireball all the

for (T,uq.us) at fixed NP, NY*, S, and variousR®. In-
creasing the value d®° until the pressure balance, E46),
is possible, we will arrive at the boundary between the QG
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way to zero temperature assumed in this work is not a real- The isentropic expansion trajectories in Fig. 3 imply that
istic scenario. Effects of particle evaporations off the surfaceonly for sufficiently lowS®YN®' or largef does the system
of the fireball can be very important for strangelet formationallow the formation of cold strangelets. Following Lee and
[3,6]. At sufficiently low temperature and density the QGP Heinz [5] we have plotted in Fig. 5 the maximum total en-
droplet may decouple from the surrounding hadronic gas anttopy per baryorS°/Ny* permitted by the formation of cold
the thermodynamic equilibriums between them may be brostrangelets versus the strangeness fractignfor two bag
ken. On the other hand, the listed properties of the strangesonstantsBY*=145 and 180 MeV, and a finite system with
lets rely heavily on the parameters such as bag con8ant net baryon numbeN®'=100. In comparison with the results
strange quark masss, and on the given initial conditions of for bulk phases in Fig. 8 of Ref5], we see that the inclusion
the system in terms oNp', N©', and S®. Nevertheless, of finite size effects give much more restrictive conditions
Table | can give us a first impression of the characteristics ofinder which cold strangelets could be formed. Even for bag
cold strangelets resulting from a simple dynamical evolutionconstant as small &Y4= 145 MeV, which is expected to be
and may provide clues for future construction of realisticthe minimum value compatible with the usual nuclear matter

dynamical evolution models. phenomenology, and for strangeness fractign3.0, an up-
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FIG. 3. Isentropic expansion trajectories of a finite system with various total entropy per tﬁPVNﬁ“, total net baryon number
Ni®'=100, and net strange quark numigar N°'=0, (b) N¥*'=50, (c) N®*'=100, and(d) N®'=200 (BY*=180 MeV, m;=150 MeV).
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per limit S°/NI®’<52 is required to make the formation of evolution of a strangelet in equilibrium with a finite hadronic

cold strangelets possible. However, these results may depe@s. Our aim is to check how important finite size effects can
on the net baryon numb&t®, or the size of the system, and be in the studies of the possible formation of cold strangelets
are to be made more convincing by further detailed investil" high energy hea_lvy_—l_on coI_Ils_lons_. We ha_l\_/e s_,hown that

; there are indeed significant finite size modifications of the
gations. ; ; .

phase diagram, which are found to become more important

for a system with larger bag constaBtor smaller total net
baryon numbeN".
In the framework of multiple reflection expansion we  Assuming an isentropic expansion of the system we have

have studied finite size effects on the phase diagram anstudied the finite size effects on the evolution of a strangelet.

V. SUMMARY
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TABLE I. Properties of surviving strangelets for a system with

BY=180 MeV, m=150 MeV, N{'=100, andS°/Ny"'=5. The @ , T
second column describes a cold strangelet resulting from the isen-
tropic expansion trajectorg®YNi*'=5 in Fig. 3c) with N'=100
or equivalentlyf=1.0, and the third column corresponds to the
isentropic expansion trajectorg®/N'=5 in Fig. 3d) with
NP'=200 orf¥'=2.0. ol i
f'=1.0 f'=2.0 2@

RQ (fm) 3.07 3.43 % B*=145 Mev |
NS 62.7 84.2
pR=NQ/VQ (fm %) 0.52 0.50 <Bs i
N2 100 170
fO=NI/NQ 1.59 2.02 »
ZINg=(1-1)/2 ~0.30 ~0.51 ' 5/4=180 Mev_
EQUNE (MeV) 1184 1250 e

O lezl - I I

0 1 2 3

It is observed that the inclusion of finite size effects tends to
make the strangeness separation mechanism less effective, fs
and will give very restrictive conditions for cold strangelet
formation in heavy-ion collisions, expressed in terms of win-

dg\tNStO?f the bag constars, the tqtalt em.mpy per ba_ryon the formation of cold strangelets as a function of the total strange-

S /.N' , qnd the strangeness fractlbgﬂ . With the mclusmn _ ness fractiorf® for a system witiNI®= 100 and two values of bag

of finite size effects we have been able to obtain quantitag,nstants.

tively the properties of cold strangelets emerging in the final

stage of the isentropic expansion of the system. investigations of the possible formation of cold strangelets in
Even though the treatment of finite size effects within thehigh energy heavy-ion collisions.

framework of multiple reflection expansion may fail for very

small strangelets as we have uncovered in the studies of the ACKNOWLEDGMENTS
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FIG. 5. Maximum total entropy per bary@PYN>* permitted by
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