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An empirical scaling involving the production of strange particle K+ and protons has been 
observed at each rapidity over a large range covered by the E-802 spectrometer in reactions 
from minimum biased p+Be to central Si+Au at 14.6 A-GeV/c. This scaling has implications for 
the temporal evolution in nucleus-nucleus collisions. 

1. INTRODUCTION 

The E-802 collaboration has been interested in particle production at AGS energies from 
reactions induced by proton beams to that induced by Si beams, measuring charged hadrons 
with the same magnetic spectrometer over large area of the phase space. From these 
measurements, distributions of particle yield over rapidity, dn/dy, and their average transverse 
momentum, cpt>, can be extracted. 

Among these results, kaon production in heavy ion reactions has attracted considerable 
attention since an increased K+/n+ ratio is observed in Si+Au central reactions (-20%) 
compared to the same ratio in p-p reactions (-5%) at the same incident momentum per nucleon 
[l]. Because kaons comprise one strange valence quark, the increased K+/n + ratio could 
indicate an increased production of strange quarks in heavy ion reactions. One of the reaction 
mechanisms proposed for this is the formation of a state where quarks and gluons are no longer 
confined in the small volumes of hadrons but free, in a simple picture, in the entire, much larger 
reaction volume, - a so called quark gluon plasma. To evaluate this prediction, a more 
detailed understanding of kaon production mechanism from both theories and experiments is 
very important. On the other hand, the measured distribution of protons in the reaction reflects 
much of the reaction dynamics, because it provides information on the degree of nuclear 
stopping and the amount of energy available for particle production. At AGS energies, the 
production of antiprotons is rare, and the measured protons are from both the projectile and 
the target: they carry the initial momentum before the reaction and are participants during the 
reaction. 

2. RESULTS 

In Figure 1, the dddy are shown for minimum biased p+Be, p+Au, and central Si+Au reactions 
at the same incident momentum of 14.6 A.GeV/c per nucleon. The spectra for central Si+Au 
are accordingly scaled down by a factor of 28, the mass number of Si. Detailed discussions on 
the spectra have been made extensively in Ref. [1,2]. In p+Be reactions, the distribution of 
protons is more or less symmetric around the nucleon-nucleon center-of-mass rapidity, 
y,-1.7. This indicates that p+Be reactions are mostly single violent nucleon-nucleon collision. 
The yield of protons in p+Au reactions is greatly increased in rapidities lower than ym. There 
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Fig.1 Rapidity distribution dddy for R * , + K- , and protons in p+Be, p+Au, and central 
Si+Au collisions [ 1,2] at 14.6 A.GeV/c. 
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Fig.2 Rapidity distributions of n + / p  and 
K+/p ratios for p+Be, p+Al, p+Cu, p+Au 
collisions at 14.6 GeV/c [ 11. 

are a factor of 4 more protons at y-0.7 in p+Au reactions than there are in p+Be reactions. 
After being scaled down by a factor of 28, the proton yield in Si+Au is somewhere between the 
yields in p+Be and p+Au. 

Intuitively it is a temptation to explore any possible relationships between the created 
particles, pions and kaons, and participants, protons, of the reaction. Figure 2 displays the 
X +/p and K+/p ratios as a function of rapidity for all the targets in the proton induced reaction 
[l]. The vertical scale is calculated as (dn/dy)meson/(dddy)p where meson refers to either 
pions or kaons. The 7C+/p ratios, as indicated in the upper row of the figure, decrease 
systematically with increasing target mass at backward rapidity (ycym), and are approximately 
constant in the rapidity region forward of ym. 

Inspite of all the changes in the shape and magnitude of the individual kaon and proton 
rapidity distributions for the different reactions, the K+/p ratios exhibit a remarkable target 
mass independence, and the rapidity dependence of K+/p is just as strong as that for 7~ +/p. 
This target mass independence in K+/p is in marked contrast to the ratio for pions and may 
provide a clue for the different production mechanisms of these particles. Stated in another 
way, for every proton observed at a given rapidity in the collision, there is a definite probability 
of finding a K+ at the same rapidity regardless of the target. It is important to realize that the 
yields involved in the ratio are inclusive, and the majority of the protons comes from reactions 
where no K+ is produced since there are about 10 times more protons than K+ (the average 
number of protons for each collision in p+Be is about 1). It is the inclusive yield of K+, hence 
the average probability of producing K+, which is related to that of protons at the same 
rapidity. 

In the lower panel of Figure 3, the K+/p ratio for central Si+Au reaction is put on the same 
scale as those for p+Be and p+Au with minimum bias trigger. In general, the K+/p ratio for 
central Si+Au is higher than those in p+Be and p+Au reactions, and in the forward rapidity the 
ratio for p+Au might also be higher than that for p+Be. For comparison, rapidity distributions 
of average transverse momentum for the protons, <pt>p, are also plotted in the upper panel of 



DISCLAIMER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



aoo 4 

D 

Rapidity 

Fig3 Rapidity distributions of K+/p ratios 
and average transverse momentum of 
protons (upper panel) for minimum biased 
p+Be, p+Au, and central Si+Au reactions. 
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Fig.4 Rapidity distributions of 
(dn/dy),,so,/(dddy'cp~)pm,, for minimum 
biased p+Be, p+Au, and central Si+Au 
reactions. 

Figure 3 for the three reactions. Surprisingly, these two quantities have a very good 
correlation: larger K+/p ratios are measured at a rapidity where the protons are produced with 
larger average transverse momentum in the reaction. This observation leads to the following 
discussion. 

In Figure 4, the meson yields are divided by the proton yields and the average transverse 
momentum of the protons at the same rapidity, (dn/dy)meson/(dn/dy.<pt>)p. The denominator, 
by definition, is the total transverse momentum carried by protons at the given rapidity. For 
K+, this ratio exhibits a striking scaling behavior from p+Be, which is similar to p-p reactions, 
to the central Si+Au reactions, which is so far the largest system at incident momentum 14.6 
A-GeV/c. Because of this independence over such a large range of projectile and target 
combinations, it may suggest that the same mechanism for K+ production is responsible for all 
the systems regardless of the size of the projectile or the target. Naively, (dn/dy)p represents 
the number of participating nucleons in the reaction at the given rapidity and <pt>p increases 
with the average number of violent collisions. Emperically, the yields of K+ are proportional to 
the product of the two. 

The ratios for pions change with the systems. Generally, the ratio becomes smaller for 
heavier system, consistent with increasing K+/?'C+ ratios. From p+Be to central Si+Au 
reactions, the ratio decreases by a factor of 2-3. Interestingly, reactions of the same projectile 
seem to have similar values for this ratio at rapidity close to the projectile, and so are reactions 
of the same target at rapidity close to the target. 

3. DISCUSSION 

The environment in p+Be and Si+Au reactions is very different. Most of the time, the projectile 
and one nucleon experience one violent collision in p+Be reactions, whereas nucleons in both 
the projectile and the target have several collisions in Si+Au reactions. The amount of 
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rescattering or absorption for produced particles is very small  in p+Be, and the largest in 
Si+Au central reactions. Inspite of the differences between these reactions, the relationship 
between K+ and protons are the same. From these observations, it seems that the final 
distribution of protons and their average transverse momentum depend on the sizes of the 
projectile and target, but the dynamics of the collisions is such that the probability of producing 
K+ at a given rapidity is determined by the total inclusive transverse momentum of protons 
there. It is reasonable to hypothesize that initially after the impact of the projectile and the 
target, a primordial distribution of K+ exist that is solely governed by the distribution of 
protons, namely, 

[ ") = c1 ( y ) .  (e. (p))  
dY K+ dY P 

where a ( y )  depends on the rapidity. Again this relati n does not suggest tha K+ is 
produced on one-by-one basis with protons, rather it means that the probability of producing 
K+ in a reaction depends on the inclusive transverse momentum of protons at the same 
rapidity. This dependency is the same for all reactions discussed. Since the cross section for K+ 
interacting with surrounding matter is small, the subsequent evolution of rescattering and 
aborption does not change this relationship appreciably. Hence the relationship between K+ 
and protons is preserved as observed. Due to their large interaction cross sections, even if a 
similar primordial relationship exists for pions, it will be modifkd differently in the subsequent 
evolution of rescattering and absorption, depending on the amount of surrounding matter. The 
possible indication for such process is that the ratios for pions in Figure 4 are lower when 
heavier projectiles and/or targets are involved and they converge to the same value toward 
projectile (target) rapidity for systems with the same projectile (target). This is presumably 
because heavier projectile andor target introduce more rescattering and absorption. 
Preliminary result from central Au+Au at 10.7 A-GeV/c indicates a violation of this scaling 
between K+ and protons, which is established at 14.6 A.GeV/c up to Si beams. 

In summary, a scaling has been observed at each rapidity over a large region for the 
production of K+ and protons from minimum biased p+Be reaction to the central Si+Au 
reaction at 14.6 A.GeV/c. The same method applied for pions shows a systematic change with 
the projectile and target combinations. The scaling may indicate a primordial distribution for 
the production of K+ whose yield is solely determined by the total transverse momentum of 
protons at the same rapidity. 
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