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Aspects of Strangeness 

Carl B. Dover* * 

"Department of Physics 
Brookhaven National Laboratory, Upton, New York 11973 

We review various aspects of strangeness production in relativistic heavy ion collisions 
from AGS to CERN energies. The experimental da ta are briefly summarized and various 
possible theoretical interpretations of these da ta are evaluated, such as quark-gluon-
plasma (QGP), hadron gas (HG) thermal models, or event generators (cascade models). 
Some comments on the production of strange clusters are offered. 

1. I n t r o d u c t i o n 

Among the by-products of a relativistic heavy ion collision are a sizable number of 
strange-antistrange (ss) quark pairs, which emerge in the final state as strange mesons 
(K*, KL,S), baryons (A, E°, £=*=, S° , S " , ft"), or antibaryons (A, £ ° , £ * , E°, 5 + , A + ) . The 
absolute numbers and ratios of these strange particle abundances depend sensitively on the 
dynamics of the collision. In a hadronic gas (HG), a K+, one produced in a 7r + n —• K+A 
process, for instance, is not absorbed via further final state interactions. On the other 
hand, a K~ can be absorbed via the K~N —* TTA, 7rS reactions. Thus the K~ /K+ ratio 
RK is sensitive to the baryon density, and is always less than unity. In a quark-gluon-
plasma (QGP) in thermal and chemical equilibrium, we have RK = N(K~)/N(K+) = 
exp(2(/x s — ni,)/T), where fi\, and pa are baryon and strangeness chemical potentials for 
quarks, respectively. Thus again we have RK < 1(/Xf, > fis) and hence the QGP can mimic 
the results of a HG calculation, or vice versa. In general, to distinguish a QGP from a HG 
will be a delicate matter, involving much more than just a few particle ratios (although 
some people are of the opinion that this distinction has already been made at AGS and 
CERN energies). 

Strangeness has been strongly advocated as a signature of QGP formation, particularly 
by Rafelski and collaborators [1,2]. The basic argument is simple: the strangeness forming 
reaction rates, the most important of which is gg —* ss, are much faster in QGP than in a 
HG, by a factor of 10 or so. The HG reactions suffer from higher strangeness production 
thresholds, so the time required to achieve chemical equilibrium is much longer (~ 30 
fm/c), in fact somewhat longer than the collision time. The most sensitive QGP signatures 
are proposed to be the abundances of strange antibaryons (A, E, Cl). 

As we show later, the QGP hypothesis is consistent with the CERN data, if an additional 
strong dynamical assumption is made, namely that the hadronization time between QGP 
and HG is essentially zero. Some models yield such a result [3], while others predict a 
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much longer time for the mixed phase [4]. Clearly the existence of a long mixed phase 
weakens the case for QGP formation, since much of the memory of the initial state is lost. 

Ultimately, our conclusion is that the study of the strangeness degree of freedom by 
itself is not sufficient to firmly establish the formation of QGP in heavy ion collisions, 
although it does give very tantalizing hints! Strangeness must be supplemented by many 
other indications (dileptons, entropy, . . . ) to form a compelling picture. It is evident, 
however, that experiments at the AGS and CERN have already led to the production of 
hot and dense hadronic matter. This in itself is exciting! 

2. Strangeness at A G S Energies 

Measurements of K±, Ks, A, A and E~ spectra have been performed at the AGS [5-
16]. We first summarize the gist of these results and then evaluate the degree of success 
of various theoretical approaches, in particular the event generators ARC [18-20] and 
RQMD [21-22] as well as thermal models [23, 24]. 

The E802 - E859 - E866 group [5-12] have made extensive measurements of K*, A and 
A production. For instance, in refs. [5, 7] we find a comparison of peripheral vs central 
central (7%) data for Si+A£, Si+Cu and Si+Au collisions at 14.6 GeV. As we pass from 
peripheral to central collisions, the K+/w+ ratio increases by a factor of 2—3, while the 
K+ jK~ ratio shows little dependence on impact parameter. For 1 < y < 2, they obtain 
K+ /K~ m 4.0 ± 0.7 for all three targets. The inverse slope (often prematurely called 
"temperature") of the K+ transverse mass (my = (ro 2 + py) 1 ^ 2 ) plot is found to be less 
than for protons and greater than for pions. In addition, the K+ inverse slope is found 
to be larger than that for K~. 

The Bose-Einstein correlations of the K+K+ system are described in ref. [6] for Si+Au 
central collisions. In the most naive interpretation the apparent source sizes for pions 
and kaons differ dramatically. However, after accounting for the different transformation 
properties of 7rx and KK pairs [6], the source sizes approach each other, although the 
ir+7r+ size remains larger than that for K+K+. 

These qualitative features of K± production can be explained in the context of the 
cascade code ARC [18-20]. In ARC, a heavy ion collision is modeled in terms of elementary 
hadron-hadron cross sections in free space. The known cross sections are parametrized 
as a function of c m . energy y/s. For unknown cross sections such as <rA J V, reasonable 
assumptions are made (<?AN = crNN) and then this choice is varied in order to appraise its 
effect on the observables. Many of the differences between kaon and pion production can 
be traced to the small cross section &K+N — 10 mb, compared to typical hadronic cross 
sections of 40 mb. In particular, the large K+/K~ ratio is closely connected with this 
cross section difference. 

The event generator RQMD [21,22] is basically an enhanced string model, with hadron 
cascading tacked on at the end. It is most appropriate at CERN energies, but has also 
been applied in the AGS regime. We return to RQMD later in connection with the A/A 
and E / S ratios measured at CERN. 

If the K+ JK~ ratio is reproduced, as well as the absolute values of dN/dy for K+ and 
K~ separately, then the K$ spectrum will also be correct, since Ks ~ {K+ + K~)/2 
even for N > Z. Due to strangeness conservation, the A distribution will also come out 



approximately right. (Note that the measured "A" includes also the E° and ARC predicts 
A « E° + E+ + £ " at AGS energies.) 

Nevertheless, some small discrepancies persist, at the 10—15% level, between ARC 
and the AGS data. For instance, the fact that the K+ rapidity distribution is somewhat 
wider than the one for K~ is perhaps not reproduced. Another very interesting potential 
deviation from ARC and other event generators was suggested by Stachel et al. [17], 
namely a low px peak in the K+ and K~ spectra of experiment E814. Experiment E877 
with Au beams will shed further light on this effect. Unfortunately, the E810 results on 
Ks show no trace of a low pr peak [15], although the statistics are none too good. If this 
effect somehow survives, it could indicate the presence of a mean field and an effective 
mass for the kaons [24]. There is no indication of the need for such effects in other aspects 
of the K^, Ks distributions. In fact, if the K mass is allowed to venture very far from 
its free space value in ARC, the description of the data gets worse. Thus it is difficult to 
extract medium effects, since they are not expected to be larger than the uncertainties 
induced by varying the unknown free space cross sections within reasonable bounds. 

The da ta on strange antibaryon production at the AGS is rather sparse compared to 
CERN. There is some E859 data [9] on A production in Si-f Au collision. The ratio A/A, 
integrated over the spectrometer acceptance, is (2.0 ± 0.8) x 1 0 - 3 . No ARC or RQMD 
estimates have been published, although the A/A ratio has been estimated in thermal 
models (see later). 

Finally, we mention the E810 measurement [14] of E~ hyperons in Si+Pb collisions. 
They obtained a yield of 0.25 ± 0.04 for 1.4 < y < 2.9 and 0 < pT < 0.8 GeV/c. An 
RQMD calculation cited in ref. [16] gives N(E~)/N(\) fa 0.05. It is not clear how much 
significance should be attached to this discrepancy. An ARC calculation of 5's has not 
yet been done. For S production, data exist only for the KN —• KE, KN —* KirE 
and KTTTE cross sections. Data on other processes such as AA —» NE, A.N —•> KNE, 
Kh. —»7rE and 7rA —* KE as well as similar reactions with A —+ E, are non-existent. One 
can model such processes, but the uncertainty in cross sections would be reflected in the 
predicted E production. Based on experience with ARC, reactions with resonances, like 
KA —> KE, will be very important. 

The event generators model the dynamics of a heavy ion collision microscopically, in 
terms of strings [21-23] or individual hadron-hadron encounters [18-20]. At the other end 
of the spectrum, one could assume that multiple collisions suffice to produce a system 
in thermal and perhaps even chemical equilibrium. If one investigates the concept of 
equilibrium in the context of an event generator, the picture is not so simple: one obtains 
only local thermal equilibrium at best, and different particles are characterized by distinct 
"temperatures" T at AGS energies, as obtained from the my spectra. For instance, the 
smaller radius seen in K+K+ as opposed to 7r +7r + interferometry suggests that K+,& 
decouple before 7r + ' s . Thus there appears to be some "memory" of the small K+N cross 
section, whereas in a thermal model all such memory is lost. 

The notion of chemical equilibrium at the AGS, particularly of strange relative to 
non-strange particles, runs counter to the time scale arguments presented in ref. [2]. 
Nevertheless, one can simply assume equilibrium and see what the consequences are. 
Some of the results of the thermal model proposed in ref. [26] are displayed in Table 
1 for T — 120 MeV. We see that , although the abundances vary by over six orders of 
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Table 1 
Results of a thermal model [26] for Si+Au collisions at the AGS, with T = 120 MeV, 
Hb = 0.54 GeV, p. = 0.109 GeV. 

Ratio Prediction Experiment 
ir/(p + n) L29 1.05 (5) 
d/(p + n) 4.3 x 10" 2 3.0(3) x 10~2 

p/p 1.47 x 10" 4 4.5(5) x 10" 4 

K+/ir+ 0.23 0.19 (2) 
K-fir- 5.0 x 10" 2 3.5(5) x 10~2 

Ksl^ 0.14 9.7(15) x 10" 2 

K+/K- 4.6 4.4 (4) 
A/(p + n) 9.5 x 10~2 8.0(16) x 10" 2 

A/A 8.8 x 10" 4 2.0(8) x 10~3 

<f>/(K+ + K~) 2.4 x 10" 2 1.34(36) x 10~2 

H-/A 6.4 x 10" 2 0.12(2) 
djp 1.1 x 1Q-5 1.0(5) x 1Q-5 

magnitude, all particle ratios agree to within a factor of two. We leave the reader to 
assess the significance of a factor of two. Certainly the x2 value must be rather poor! 
The advantage of this thermal model lies in its simplicity: only a few parameters are 
required to qualitatively reproduce the data. Nevertheless, if one adopts another strategy 
for determining the parameters of the model, the results for some particles can change 
dramatically. For instance, if for lighter projectiles we were to separately fit N(ir) and 
N(p + n), a natural choice, then the p/p ratio in Table 1 decreases considerably [27], and 
to the point, in complete disagreement with the data. The same conclusion would hold 
for the A/A and d/p ratios. In any case, these ratios are extremely sensitive to the choice 
of T and freezeout densities. Thus our conclusions on the validity of equilibrium for a 
given particle depend on what quantities are chosen to be fitted. Table 1 represents a 
compromise in which no quantities are exactly reproduced, but all are within a factor of 
two. Studies with ARC suggest that some conclusions of the thermal model are misleading 
[27]. 

3. Production of Strangeness at CERN Energies 

The experiments at CERN which focus on strangeness are WA85 [28,29] and its suc
cessor WA94 [30], NA35 [31-33], and NA36 [34-36]. Data from NA44 were shown at this 
conference by B. Jacek. Distributions for K±, K§, A, A, E~, E + , O - , 0 + distributions 
have been obtained. There are some significant discrepancies in the data. For instance, 
NA36 and NA35 differ by a factor of two in the absolute A yield, and the rapidity shapes 
are different as well. The WA85 and NA36 results for the ratio E + / E ~ differ by more than 
one standard deviation, although the error bars are substantial. The NA36-NA35 dis
crepancy remains a mystery, even after extensive discussion between the two groups. This 
is not a minor point, since the parameters of a thermal model analysis vary significantly 
depending on the input for particle ratios. 



There are three main approaches which have been applied to the interpretation of the 
CERN strange particle data: 1) Event generators, 2) Thermalized Hadron Gas (HG), and 
3) Thermalized Quark-Gluon-Plasma (QGP). We consider each of these in turn. 

3.1. Event Generators for C E R N Energies 

Most of the event generators are built on an underlying string model adjusted to pp and 
sometimes pA data, with various embellishments added to improve the fits to the case 
of AA collisions. The principal players are FRITIOF [37], VENUS [38-40] and RQMD 
[21-23]. 

Table 2 
Average multiplicities of K^ in S+S collisions, extrapolated to the full phase space, from 
NA35 [31]. 

<K+> <K~ > <A'+> 
<A—> 

Data 
Venus 3.07 
Fritiof 1.6 
N+N 

12.5 ± 0.4 
10.57 
9.35 

0.24 ± 0.06 

6.9 ± 0.4 
7.48 
7.02 

0.17 ± 0.05 

1.81 ± 0.12 
1.41 

1.33 
1.42 ± 0.5 

Let us first consider the K^ multiplicities [31] measured by NA35. In Table 2, we 
show the K* abundances measured for S+S collisions, together with the VENUS and 
FRITIOF predictions and the NN results for comparison. Neither VENUS nor FRITIOF 
gives a fully satisfactory description of the data (too low for K+, too high for K~). Still, 
the VENUS differences for < K+ > are less than 15%, and less than 7% for < K~ > , 
comparable to the ARC discrepancies at AGS energies. 

NA36 [34] has compared their data on A, A and K$ production with the various event 
generators (in this case FRITIOF 7.02, RQMD 1.08 and VENUS 4.10). Note that in view 
of the NA35/NA36 discrepancy for As, the significance of this comparison is provisional. 
The comparison is done for { A / n - , A/n~, Ks/n~} vs n~, where n~ is the multiplicity of 
negatively charged particles. The da ta show an apparent rise of these quantities at low 
n~ and a leveling off at higher multiplicity of about 100. The shape of the n~ dependence 
for As from VENUS and especially RQMD is close to that seen in the data, but there is a 
difference in normalization. However, for As, not even the shapes agree. It seems that the 
strange antibaryon spectra are the most difficult to reproduce with an event generator. 

Until recently, there were no calculations of E, E, 17, and 0. production with an event 
generator. This gap was filled by a recent RQMD calculation [41]. Color ropes (chromo-
electrix flux tubes created by large color SU(3) charges) are found to provide essentially 
the only source of E and Cl. In contrast, the production of Es also receive contributions 
from multiple baryon scattering which leads to different shapes for the rapidity distribu
tions of E~ and E + . Further consideration of the RQMD results indicates that the Es 
and Es produced centrally approach local chemical equilibrium. For particle ratios, the 
RQMD predictions [41] and the WA85 experimental results [28-30] are shown in Table 
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3. The agreement is good, perhaps too good. One assumption made in the RQMD cal
culation is that the magnitude of the EiV cross section is small, namely a.N ~ 10 mb. 
The assumed smallness of this (unmeasured) cross section would certainly increase the E 
yield. A quark model approach to BB annihilation [42], in which rearrangement graphs 
are small, would yield a small value of <rftJV. However a u-channel baryon exchange model 
probably would yield comparable cross sections for NN, AiV and EAT interactions. Thus 
there is an additional uncertainty in the RQMD estimates. 

Table 3 
Particle ratios for S + W collisions at 200A GeV: Experiment vs Theory 

Ratio RQMD WA85 

A/A 0.19 0.20 ± 0.10 
E + / E " 0.40 0.45 ± 0.05 
E " / A 0.087 0.95 ± 0.006 
E+/A 0.18 0.21 ± 0.02 
Q+/Q- 0.72 ± 0.21 0.57 ± 0.41 

It seems that some sort of collective effect must be introduced into the event generators 
in order to reproduce the data on strange antibaryons, particularly the E. In the case 
of RQMD, it is a bunch of strings in close proximity (a "color rope") . This gives the 
possibility of producing an ss pair close together, for instance, leading to a E. Perhaps 
this can be considered as a precursor of a QGP. In any case, some sort of collective effect 
is called for. 

3 .2 . Hadron Gas Interpretat ions 

Several authors have attempted to interpret the CERN data in a thermal HG scenario 
[43-46]. Thermalization can only be achieved through sufficient rescattering of the incom
ing nucleons and also the secondaries produced by collisions. If thermalization is achieved 
and not destroyed subsequently by non-equilibrium features, then the produced hadrons 
should be described by the thermodynamics of a system at freezeout temperature T and 
baryon density n# . Note that the space-time development of the system is ignored. The 
model merely serves as a test of the degree of thermalization suggested by the measured 
ratios of hadrons. Since thermal systems possess no memory, a QGP phase at some earlier 
time is neither confirmed nor excluded. 

Two essential features of a HG near freezeout are resonance production and particle 
repulsion at high baryon density. Resonances up to 2 GeV are generally included, and 
the second feature is described in terms of excluded volumes: 

where the volume VQ of baryon is usually taken as Va = iirR3/3 with R = 0.8 fm. Note 
that the excluded volume correction cancels out in particle ratios. 
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To illustrate the formulae, the numbers of directly produced thermal K±s and pointlike 
As are given by 

n ° K ± = /^(^PC^T^/T-I)- 1 

U°A = J0j5(eMEA-(»B-vs))/T+l)-> (2) 

Here Ei = (mf + p 2 ) 1 ^ 2 , \IB is the baryon chemical potential, and fis is the strangeness 
chemical potential, determined by the condition of overall strangeness neutrality. To 
obtain the actual rates, we include the correction in Eq. (1), and add the corresponding 
contribution of resonance decays, for instance 

n 
2 

+ = n^ + (thermal) + 0.286n,, + -np + nw 

o 
+ 2nx' + 3 n * ' + ° - 1 5 4 n 0 + o n A 

1 1 
+ 3 n

E . + 3 n - ' + • • • (3) 
n

 + / n + (thermal) increases rapidly above T ~ 100 MeV. For fixed T, this ratio increases 
rapidly as a function of baryon chemical potential HB- Thus the fraction of thermal 
(direct) pions quickly becomes very small at high T and nB, compared to the pions from 
resonance decays. The situation is somewhat different for kaons. Since baryons rarely have 
kaons as decay products, decay kaons primarily originate from strange meson resonances. 
Hence, the ratio of all kaons to thermal kaons decreases with increasing HB, unlike the 
pions. 

Turning now to the baryons and antibaryons, we obtain the rough estimates 

- w exp[ ( -2 /z B + 2ps)/T\ 

| « e x p [ ( - 2 / i B + 4/x s )/T] (4) 

where we have neglected the dependence on transverse momentum pT. From Eq. (4), we 
obtain 

S / S > A/A (5) 

which is well satisfied by the WA85 [28] data as shown in Table 3. 
The method of analysis [43] in the HG picture now proceeds as follows: the data on 

A/A and E / E leads to two allowed bands in the T—HB plane. The overlap of these bands 
gives 170 MeV < T < 220 MeV and 220 MeV <jiB < 420 MeV. Further constraints are 
provided by the WA85 data on the E~/A and E~/A ratios [28]. These quantities must 
be corrected for the pj cuts of the experiment [43]. This reduces the measured ratios by 
about 1/2, yielding E" /A ~ 0.10 ± 0.02 and E+/A ~ 0.29 ± 0.10. These ratios are found 
to be consistent with the range of parameters (^g, T) already determined by E / E and 
A/A, i.e. 
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T « 200 ± 20MeV, fig = 320 ± lOOMeV, nB = 0 .3fm - 3 (6) 

The ratio h/Ks = 0.76 ±0 .16 measured by NA35 [31] is also consistent with Eq. (6). 
So far so good! However, the above values of (T, fig) do not describe the ratios A/h~, 

A/h~ (h~ = negatively charged hadrons) or the strange and non-strange meson ratios. 
The ratios in question include <j>l{p + w) and Ks/n~, which require a lower temperature 
100 MeV < T < 120 MeV. It thus appears that the observed strange baryons freezeout 
at a hotter and denser stage than the mesons, at least in the HG interpretation. 

Some caveats regarding the HG approach should be mentioned. The data are far from 
complete, and we compare experiments involving different kinematic regions. This applies 
to the QGP approach also. Another, more serious, conceptual difficulty has to do with 
the interpretation of the parameters in Eq. (6). The value of T hes in the QGP rather 
than the HG region and the freezeout density ng ~ 2/>o is scarcely credible for a non-
interacting system. Furthermore, the <f>N and K+N cross sections are <10 mb, so it 
seems unreasonable that they should freeze out later than the A and H, which have large 
annihilation cross sections. Perhaps the HG analysis should not be taken too seriously, 
but rather as providing an indication that hot, dense matter has been formed in these 
collisions. This more modest interpretation has been emphasized by H. Satz. 

3 .3 . T h e Q G P Interpretat ion of C E R N D a t a 

Strangeness enhancement, particularly of strange antibaryons, was suggested more than 
a decade ago [1,2] as a signature of QGP formation. The essential part of the argument is 
based on a consideration of time scales. While the time required for saturation of strange 
particle phase space via gluon fusion (g -f g —+ 5 -f s) is of the order of a few fm/c, the 
rate for ss production in hadronic reactions (ex. nN —» Kh) is slower by an order of 
magnitude. Thus if one parametrizes the degree of strangeness chemical equilibrium by 
a factor 7 S , one can anticipate that 7, ~ 1 if QGP is formed. This concept has been 
pursued aggressively by Rafelski and his collaborators [47-53] over the past few years. 

A QGP has several characteristic features. For instance, strangeness neutrality of the 
system as a whole requires a vanishing strange quark chemical potential fis = 0. For a 
QGP, this relation is independent of (T, fig). In a HG, strangeness neutrality gives a 
complicated relation fia(fig, T). From the relation between quark and hadronic chemical 
potentials 

fig - 3^6, fis = fib- Us, (7) 

we see that fig — 3fis is equivalent to fis — 0. Although this condition would not apply 
in general in a HG, the phenomenological parameters of ref. [43] approximately satisfy 
fig ~ 3/is- Thus QGP and HG can not be distinguished by the condition fis = 0, even 
though this arises more naturally in QGP. 

Another feature of a QGP is its high specific entropy S/A, due to the liberation of the 
abundant quark and gluon degrees of freedom. At fixed (T, fig) we have (S/A)qGP > 
( 5 / A ) H G - A useful quantity to estimate S/A is 

DQ = (N+-N-)/(N+ + N.), (8) 

i.e., the net charge divided by the total charged multiplicity. Within the HG, DQ can be 
calculated for any given parameters (fig, T). In ref. [53], an approximate relation 
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j-DQ~3.0± 0.2 (9) 

has been found. The experimental value [54] of DQ is 

DQ = 0.085 ±0.01, (10) 

which would imply (S/AJHQ ~ 35^2.5 from Eq. (9). However, this disagrees with the value 
of (S/A)}IG implied by a thermal model fit to strange particle multiplicities [53], which 
would require DQ « 0.12-0.13, much larger than Eq. (10). Thus a consistent HG model 
has not been found, at least by the Rafelski group [53], which fits both the particle ratios 
and S/A. 

On the other hand, the QGP assumption is consistent with SjA. For the QGP, the 
specific entropy from light quarks and gluons is 

14(1 - WOLJ_2\T)_ 32(1 - 15a,/4x) 
(11) 15(1 - 2a a/7r) 45(1 - 2a5/7r) J ' 

including first order corrections in the strong coupling constant a s . For as ~ 0.6, we have 

( 
f ) ~ 1 7 ( r / / i g ) = 17/lnA, (12) 

where Xq = exp(fiq/T) is the light quark fugacity. Using the value \ q = 1.45 ± 0.05 
extracted from particle ratios (see later), the non-strange contribution of Eq. (12) is 
already (S/A)GQP = 43 ± 4. Adding in the contribution of strange quarks, we obtain 

(4) ^ 50 ± 10 (13) 
\A/QGP 

The error includes an uncertainty in as. This estimate is consistent with DQ. 
Now let us consider how thermal and chemical parameters are obtained from the data. 

Thermal equilibrium implies Boltzmann (or Fermi-Bose) momentum distributions, with 
a superimposed collective flow component. The transverse flow velocity f3 can not be 
separated out from only the m j distributions. For instance, the WA85 data can be 
interpreted in terms of a fireball which only expands longitudinally at T = 230 MeV (the 
universal inverse slope of the m j distributions) or as a cooler fireball with T = 150 MeV 
with /? ~ 0.41. The measured inverse slope is then T e f f = T(l + /?) 1 / 2(1 - £ ) 1 / 2 . A flow 
velocity of order /? ~ 0.3 is preferred [52]. 

Defining p by /? = tanh p, a given hadron i has a spectrum 

where V is the volume of the fireball, #, is the degeneracy factor, and 

t< ( f , p) = n*K, ( = £ f * £ ) /„ ( ! 2 f ! l £ ) (15) 

For no flow, $, reduces to the usual Boltzmann factor. In a fixed m j window, the factors 
$, cancel to reasonable accuracy from particle ratios, and we obtain the simpler form 
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dNj/dy ^ ggiK 
dNj/dy m T ~ 9ili^i 

Note that Eq. (16) still has to be corrected for resonance decays, which have been evaluated 
in detail in ref. [53]. In the limit j3 —• 0, we have 

RA = - = e - ( ^ + 2 " « ) / T , Rz=^- = e(-2^+4/^)/T ( 1 ? ) 

These are the same expressions as for a HG, if we make use of Eq. (7). We then have 

/*» 1 , -RA Vq 1 , R=. / 1 0 v 
T = 6lnM> T^e^W ( 1 8 ) 

A 

while the strangeness saturation factor 7, is given by 

•>• = T • T l l 9 > 
If we insert the WA85 ratios [28], we obtain [51] 

^ = 0.03 ± 0.05, ^ = 0.39 ± 0.04, 7 s = 0.55 ± 0.04 (20) 

The most remarkable result is that pa w 0, consistent with QGP behavior. The value 
of 7, is substantial, much larger than the value 7, = 0.2 ± 0.05 characteristic of pp data 
at the same energy [55]. When flow is included, even larger values 7, ^ 0.7 - 0.8 are 
obtained [53], indicating a substantial amount of strangeness equilibration. 

We now summarize the four arguments for QGP which are consistent with the CERN 
data: 

1. The strange quark chemical potential is p,a w 0 (this can also be achieved in a HG). 

2. Large s quark phase space occupancy 7, > 0.5. 

3. Consistent with large specific entropy as deduced from measurements of DQ ~ 
(N+-N-)/(N+ + N-). 

4. Consistency with QGP equation of state. 

There are also a number of critiques of the QGP thermal model for CERN energies, 
including: 

1. The model assumes an instantaneous hadronization process. This assumption may 
not be tenable. 

2. The analysis assumes that every central event, even for light systems like S -f S, 
leads to QGP formation. This may be unreasonable. 

3. The gluons do not appear in the analysis of particle ratios. It is implicitly assumed 
that gluons are all transformed into pions. What about the "flavor blindness" of 
the gluons? 
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In the future, it is important to measure excitation functions, i.e., the energy depen
dence of strangeness production. The production of As and Hs, for instance, should be 
a strong function of y/s, particularly near their production threshold in pp collisions. At 
the energy where QGP production becomes strong, strangeness production should rise in 
a noticeable fashion. 

The qualitative considerations discussed above provide a consistent picture of QGP 
formation at CERN energies. The arguments are plausible but do not constitute a proof. 
Clearly, we must integrate these conclusions with other data in order to build a firmer 
case for QGP. Also, much better data are required, or at least consistent data. For 
instance, if the NA36 data [34] are used in the particle ratio analysis of Eq. (17), a value 
7 , = 0.38 ± 0.04 is obtained, too small to be consistent with QGP. 

4. Exot ic Strange Objects in H e a v y Ion Collisions 

There have been a considerable number of theoretical speculations on the existence 
of strange quark matter [56-58] or strange hadronic matter [59]. The existence or non
existence of the most elementary of these systems, the S = — 2 / / -d ibaryon [60] repre
sents a key question for modeling the strong interactions of QCD. If the H is a strongly 
bound SU(3) singlet, it will have a long lifetime compared to the A, and it should be seen 
in a high sensitivity heavy ion experiment such as E864 at the AGS [61]. If the H ap
proaches the AA threshold, it loses its character as a six quark SU(3) singlet and becomes 
a AA quasimolecule, somewhat akin to the deuteron (only with 1So quantum numbers). 
In the weak binding limit, the lifetime of the H approaches r A / 2 . Thus an experiment 
with sensitivity to short lifetimes is also needed, for instance, E896 at the AGS [62], 

Heavy ion collisions represent an attractive approach to forming multiply strange ob
jects, since one takes advantage of the rich bath of hyperons formed in such collisions. For 
instance, the coalescence model has been applied [63] to the formation rates of strange 
objects at AGS energies. A hypothetical A A bound dibaryon is predicted to be produced 
with dN/dy ~ 0.07 at mid-rapidity in Au+Au central collisions at the AGS. This should 
be well within the realm of measurement. 

There are numerous other experiments at BNL and CERN which look for composite 
strange particles. For instance, the first results from NA52 at CERN were shown at the 
Tucson and Monterey meetings. It appears that searching for strange mat ter , in one form 
or another, has become a growth industry! 
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