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We present the results of A and K2 production from a Si target with a 14.6 x 4
GeV/c Si beam. The measured rapidity distribution and transverse mass exponential
slopes are presented and compared with models. We also present a measurement of
£~ production from a Pb target with the same beam. The rapidity distribution is
measured along with a model comparison. Finally we have searched for strangelets
which decay in our TPC volume. From a Monte Carlo study with a plasma production
model, we have established a upper limit on a given strangelet production cross section.

1. INTRODUCTION

There is considerable interest in studying strange particle production in heavy ion
interactions, since enhancement of strangeness production over that expected from a su-
perposition of nucleon-nucleon interactions has been reported by several experiments.[1-4]
Enhanced strange particle production in heavy ion interactions has been suggested as one
of the signals of quark-gluon-plasma (QGP) formation.[5] Also the formation of strange
matter droplets (strangelets) is another signal that the QGP has been formed and strange
quarks have been distilled in the presence of large chemical potential.[6]

2. EXPERIMENTAL METHOD

The experimental method was described in previous publications.[4,7] Briefly, experi-
ment E-810 measured charged tracks in three TPC (Time Projection Chamber) modules
in a magnetic field. The detector covered the forward hemisphere in the center-of-mass
of the nucleon-nucleon system. The trigger, as described in Ref. 4, selected centrally
enriched events for data recording. For the final data sample we selected the most central
events using a cut on the highest multiplicity of the negatively charged tracks with in
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our good acceptance. The selection corresponded to a cross section of 100 mb for the
silicon target and 300 mb for lead. These cuts correspond to approximately 10% of the
geometric cross section. The effective masses for K0’s and A’s were calculated by kine-
matic hypothesis by assigning a proton or a pion mass to the charged tracks which form
a vertex.

Figure la shows the results of the effective mass calculation for the 7+ x— hypothesis
and Fig. 1b shows the results of the pr~ hypothesis for our final selected data sample from
the Pb target. Decay vertices with effective masses in the range of 0.475-0.525 GeV/c?
were selected as K0’s and those in the range of 1.106-1.126 GeV/c? were selected as A’s.
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Fig. 1: (a) Effective mass plot of x*x~ hypothesis for the decay vertices from Pb target with vertices

removed if they satisfy the A effective mass cuts. (b) Effective mass plot of the pr~ hypothesis for decay
vertices from Pb target.

3. K AND A RESULTS

In this report we present the results of 817 K?’s produced from a 14.5 x A Gev/c

Si on a Si target with rapidity 2.0 < y < 3.5, and 1122 A’s in the rapidity range of
l4<y<3.2.

In order to extrapolate to unmeasured regions of the transverse momentum p; we have
fitted our acceptance corrected data to

1 d’N
m; dydmy

= A exp(~Bmy) (1)

where, m; = \/pf + ml. We choose to extrapolate in order to present rapidity distribu-
tions, instead of using an integral only over our measured transverse momentum range
of pt < 1.0 GeV/c. We have performed a fit using the hypothesis, A as an arbitrary
constant independent of rapidity and B takes the form of B = a + bcosh(y — yo) where

a and b are independent of rapidity (fireball model).[8] In out fit to Si Si, we obtain a
global parameterization of the K? and A data.
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Fig. 2: (a) Rapidity distribution for K{’s from the Si target. The solid points above a rapidity of
1.7 are our measurements. Errors shown are statistical only. The solid points below rapidity of 1.7 are
our data reflected about 1.7. The open circles represent the measurements of Ref. 9 scaled by 28. The
solid curve is the prediction of the RANDOM model. The dotted curve is the prediction of the HIJET
with N* model. (b) Rapidity distribution for A’s from the Si target.

In Fig. 2 we plot the rapidity distribution for K?’s and A’s from the Si target.
The curves shown in the figures are the predictions of two models. Also shown are the
measured rapidity distributions[9] for p+p — K° + X and — A + X at 12 GeV/c scaled
up by a factor of 28. The rapidity distributions were measured only for forward rapidities,
but reflected about y = 1.7 (corresponds to ~ y = 0 in the N-N c.m.s.). The first thing
to be noted is that our Si data cannot be described by the naive assumption that we can
scale up the pp cross section by 28. AGSHIJET+N*[10] seems to do a reasonable job of
predicting the K9 rapidity but falls short for A rapidity. AGSHIJET+N* uses geometry
and cross sections to determine if collisions take place. In order to gain insight we have
used a simpler model called RANDOM which uses the scattering routines of HIJET but
scatters pairs of particles randomly with probabilities proportional to their total cross
section. The number of collisions per event is an input parameter. We have chosen the
number of collisions that gives a good agreement with the RQMD proton dn/dy of Ref. 11
for Si Si at AGS energies (320 col/event gives proton dn/dy = 10 at y = 1.7). The time
between collisions is another variable which must be adjusted in the RANDOM model.
We adjusted the time to be around 1/3 fermi so that the Boltzman temperature of the
central rapidity protons would be around 200 MeV. In Fig. 3, we show the inverse slopes
from our Si Si K? and A data as a functions of rapidity. The dashed curve is the cosh
(y — yo) global fit described above. The RANDOM model does a good job in describing
both the K?’s and A’s and can give us some insight into why AGSHIJET+N"* fails to
describe the data. A’s are formed in HIJET from intial collisions and thus have limited P;
or later on by secondary interactions and have limited P; because they have the greatest
cross section to be formed by associated production near the K A[10] threshold. In Fig.
4a, we show the inverse slope for A’s coming from the RANDOM model after different



number of collisions. After 50 collisions the A’s are all fresh and their inverse slope is
the same as HIJET produces. As collisions continue A’s are heated up by collisions with
nucleons and become more thermal in nature. Finally Fig. 4b shows the #~ spectrum

from E-810 S$i 51 central collision and compares them with the RANDOM model.
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Fig. 3: (a). Inverse exponential slopes for K?'s from the Si target. The solid points are our
measurements, where the errors shown are statistical only. The dashed curve is the result of our global
fit. The solid curve is the prediction of the RANDOM model. The dotted curve is the prediction of the
HUET with N* model. (b) Inverse exponential slopes for A’s from the Si target.
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Fig. 4: (a) Inverse exponential slopes for A’s from the Si target coming from the RANDOM model.
The solid curve is the slope after 50 collisions per event. The dotted curve is the slope from 150 collisions
per event. The dashed curve is the slope from 250 collisions per event. (b) Rapidity distribution for ™
from the Si target. The solid points above a rapidity of 1.7 are our measurements. Errors shown are
statistical only. The solid curve points below rapidity of 1.7 are our data reflected about 1.7. The solid
curve is the prediction of the RANDOM model.



4. =~ RESULTS

We have successfully found a =~ signal in our Si Pb data. The procedure for finding
the =’s starts by considering only tracks that are well measured (sagitta > 0.375 cm).
From positives and negatives we find A’s which miss the primary target by 0.25 cm. We
project the A’s path back up stream and search for negative tracks that come within
0.4 cm of the projection. We then swim the resulting negative particle back toward the
primary vertex (~44 cm). If the decay position of the =~ lies between 50 < z < 60 cm,
we require that the =~ passes within 0.6 cm of the primary vertex. If the =~ decays
after 60 cm, we require that it pass within 1.0 cm of the primary vertex. The effective
mass distribution of the A 7~ is given in Fig. 5a. We select = ’s that lie in the range
1.306 < M(Ar~) < 1.336 GeV/c?.
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Fig. 5: (a) Effective mass plot of Ax~ hypothesis for the intersection of a negative track with the
projection of the A decay vertices from Pb target. (b) The =~ decay distribution from central events in
the Pb target. The dashed curve is the known measured value e~ /492

In order to calculate acceptances, a complete Monte Carlo simulation of events was
performed using GEANT. Events were generated using the HIJET model. The generated
TPC’s hits included all the known effects of the detector apertures, efficiencies, resolu-
tions, and distortions. The Z~ lifetime is well known and the acceptance corrected decay
distribution as a function of proper time can be calculated. Figure 5b shows this distribu-
tion and it is in good agreement with the measured value plotted in this figure. This gives
us confidence in our acceptance calculations. The acceptance corrected rapidity spectrum
for the =~ ’s is shown in Fig. 6a along with 4 times the rapidity spectrum as generated by
HIJET. This production is equal to 0.2 =7 ’s per central event. HIJET underestimates the
production of strange particles with one strange quark by a factor of two.[7] If we conclude
that there is a scale of two for each strange quark, HIJET’s factor of four underestimation
of = ’s seems predictable. On the other hand, HIJET does a poor job at representing
the transverse mass distribution of the A’s. When we used the acceptance derived from
HIJET A’s only, it appeared that HIJET agreed with the data[4]. If we would use the
global form derived from the A data, the acceptance may fall by another factor of two



thus implying a factor 8 and a production of about one =~ for every two central Si Pb
event.
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Fig. 6: (a) Rapidity distribution for = ’s from the Pb target. The dashed curve is four times the
prediction of HIJET with N* model. Errors shown are statistical only. (b) The X-Z view of a Monte

Carlo event from Si Pb in our three TPC modules, where the tracks of the strangelet are shown and the
others have been removed.

5. SEARCH FOR METASTABLE STRANGELETS

It has been proposed that quark matter with finite net strangeness might be metastable
with respect to the strong interaction.[12] Such “strangelets”, i.e., blobs of multistrange
quark matter, if detected, would most probably be the only form of quark matter not
subject to rapid decay.

Greiner, Koch, and Stécker{6] demonstrate that, during the QGP phase transition
into a HG (Hadron Gas) phase a large antistrangeness content will build up in the HG
phase while a large strangeness excess will be left in the QGP phase. This excess during
hadronization could form into strangelet blobs of quark matter. Most likely the strangelet
blobs will decay by the weak decay with a lifetime of the order or greater than the A
lifetime which is ~ 1/4 nanosecond. The decay products will consist of hyperons plus
other particles like pions and nucleons. The hyperons then travel away from this vertex
and decay forming secondary vertices. In our data we explored two related topologies
which consist of a primary V followed by a secondary V which points back to it. This
topology consists of a neutral strangelet which decays by virtual A decay thus creating
a7 ,ap,aAl, and possible neutrals. The secondary A travels some distance and then
decays into another V consisting of a #~ and a p. Another related topology consists of a
single charged positive strangelet which decays by virtual A into a 7~ , two p’s, a A, and
possible neutrals.

In order to conduct a search for strangelets, we have made a complete Monte Carlo
simulation of central Si Pb (HIJET) events with an embedded strangelet which has a
strangeness of two, baryon number of three, and a charge of one. We have used a lifetime



of three nanoseconds which maximizes the number decaying in our TPC. GEANT was
modified so that it would correctly decay the strangelet. These GEANT tracks were made
into TPC hits and included all the known effects. A pattern recognition algorithm was
developed to find the Monte Carlo generated strangelets (see Fig. 6b). Figure 7a shows
the effective mass spectrum of Monte Carlo events for the double V’s. We observe a
peak at effective mass equal to 2.21 GeV/c?. We next show the effective mass adding the
proton to the vertex (Fig. 7c). We obtain a peak at 3.15 GeV/c?, which consistent with
the strangelet mass put into the Monte Carlo. The acceptance for the above events is
around 2% assuming the plasma bubble distillation of our model (central rapidity - low

P;), the Apprr™ is 64% of the total (virtual A has same ratio as A), and pppr =7~ is 41%
of the total.
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Fig. 7: (a) The effective mass of the double V’s from Monte Carlo generated Si Pb central events.
(b) The effective mass of the double V’s from our Si Pb central events. (c) the effective mass of the double
V’s with an added proton from Monte Carlo generated central Si Pb events. (d) the effective mass of the
double V’s with an added proton from our central Si Pb events.

We have made a search over ~10,000 central Si Pb events and our results for double
V’s are shown in Fig. 7b. We have 41 entries and do not observe a peak below the
AA threshold. We do however observe a peak at 2.26 with width of ~50 MeV/c2. If
we make an effective mass spectrum of AA generated from Eq. (1) with values that are
given in Ref. 13 we obtain a threshold AA bump with a width of ~300 MeV/ c2. A pairs
which have an effective mass over 100 MeV/c? above the AA threshold will in general
point independently back toward the target without pointing through each other. On the
other hand, A pairs with effective mass near the AA threshold will seem to come from a
cascade of A decays. This fact will always make it very hard to find a neutral strangelet
by this decay mode unless one has very good effective mass resolution. Things are much
improved for the charge one strangelet, the requirement that an additional positive track
must come from the first V, eliminates the bump. Figure 7d shows the effective mass
spectrum for the AAp candidates and none have a mass below 3.2 GeV/ c? where the AAp
threshold is 3.17 GeV/c?. From this negative results, we claim that H3, strangelet at
the 90% confidence level must be produced at a rate less than 2 x 10™* strangelets per
central event if it had a lifetime around 3 nanoseconds and decayed only into the above
decay channel.



6. CONCLUSIONS

Our K? and A data are consistent with a slope behavior of B = a + bcosh(y — yo),
which is a form that comes from a fireball picture.(8] We have also shown that a scattering
code can reproduce this fireball result if there are enough quick scatterings to effectively
form a fireball. We have detected =7’s from Si Pb central events and find it is much
larger than HIJET predicts. Finally, we have searched for strangelets that would decay
in our TPC detector. Our experiment opens up the possibility to search for strangelets
which have a lifetime that lies between the A lifetime and the 100 nanosecond lifetime
of other experiments. We expect that our next experiment (E-891) to study 11.5 x A
Gev/c Au on Au target, will have a better chance of detecting strangelets.
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