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1. Introduction

This talk deals with A, if° and A production with 14.5 GeV/c Silicon beams.

Why study V° production? Because the study of strangeness is an important part
of the search for Quark Gluon Plasma (QGP). Many models predict an enhancement of
strangeness in a QGP as compared to the amount of strangeness produced in a superpo-
sition of nucleon-nudeon interactions. The amount of enhancement varies from model to
model. Even if no QGP is detected at AGS energies using Si beams, it is important to
understand the production mechanisms in quantitative detail so that standard nucleon-
nucleon production mechanism can be distinguished from QGP formation.

The advantage of measuring strangeness production by measuring V° production is
that V"°'s can be identified by kinematics without the use of any special particle ID detec-
tors. The disadvantage is that usually large aperture detectors are required. Experiment
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810 Las the needed large aperture. This talk describes the technique and results of Vc

production from ~ 9000 interactions of Si in a 1 mil (25 micron) Au target recorded in
June, 1989.

2. Experimental Method

The apparatus is shown in figure 1. It was discussed by a previous speaker (W.A. Love)
so I will only point out the relevant features for the data that are being presented in this
talk. The tracking detectors are 3 TPC modules in the MPS magnet. The data discussed
in this talk was taken with a simple trigger enhancing central events. The trigger consisted
basically of counters upstream of the target to veto interactions upstream, counters behind
the target (above and below the beam) to require interactions in the target, and a "Z2"
counter in the beam behind the magnet which had a threshold set to select events below
a certain pulse height. We did a series of calibration runs with thick targets to determine
that the pulse height in the "Z2" counter correlated with the multiplicity (and therefore
the centrality) of the triggered events. The results of this are shown in figure 2. It can
be seen that the smallest signals correspond to the highest multiplicities. The data was
collected with a threshold setting of 250 which corresponds to a Z of about 6. The pulse
height distribution for events produced in the vicinity of the target is shown in figure 3.
To study V° production as a function of multiplicity, all triggers from interactions in the
target were included. In order to select more central events a cut of 50 was imposed on
the data. This corresponds to a cross section of 1.2 barns.

3. Data Analysis

A typical Si on Au interaction is shown in figure 4a. The figure shows three views of
the same event. With the beam in the z direction and the magnetic field in the y direction,
upper left view is in the y-z plane, lower left view is in the x-z plane, and lower right view
is in the x-y plane (or head-on view). The + symbols indicate TPC signals, the x symbols
indicate hits placed on tracks by the track reconstruction program, and the curves are
the fitted trajectories of the tracks. There are 68 reconstructed tracks on the production
vertex. This event contains a reconstructed A. The tracks belonging to the A decay are
shown in figure 4b.

In order to reduce the amount of background produced by fake apparent V° decays
the following cuts were imposed on the F°'s:

1. The tracks from the decay of the V°'s had to have a closest distance of approach
squared from the production point greater than 0.5 cm2.

2. The decay point had to be at least 10 cm. downstream of the production point.

3. The V° momentum vector had to point at the production vertex as defined by the
following cut:



where
+ Ay2

is the transverse distance of closest approach at the production vertex and Az is the
decay distance.

The effective mass spectrum for the F a ' s passing the above cuts when the negative
track is assigned a TT~ mass and the positive track is assigned a proton mass is shown in
figure 5. A good signal to background ratio is seen. The effective masses in the range
of 1.106 < M(ir~p) < 1.126 GeV/c2 were selected as A's. Events in the tails of the
distribution were used for background subtraction. The effective mass spectrum for the
7r+ir~ hypothesis is shown in figure 6a. The background is mostly due to kinematic overlap
with the A's. The effective mass spectrum after removing the A's is shown in figure 6b.
The effective masses in the range of .475 < M(ir+ir~) < .525 GeV/c2 were selected as
K°'s. Figure 7 shows the effective mass hypothesis for ir~p. No detectable A signal is
observed. These results are summarized in Table 1.

Si on Au

Detected Yields

Events
A

JSCJ
A/A

AU "Central"
~ 9000 ~ 4600
~ 750 ~ 550
- 300 ~ 200
< 0.07 (95% C.L.)

Table 1

In order to calculate acceptances for the V°'s satisfying the above mentioned cuts, a
complete Monte Carlo simulation of events was performed using GEANT3. Events were
generated using the HIJET model. The resultant 4-momenta of the generated tracks were
used as input to the GEANT3 program. The tracking in a magnetic field was done by
the GEANT3 program. The generated hits included all the known effects of detector
apertures, efficiencies, resolutions, and distortions. The output of the GEANT3 program
was in identical format to the actual raw data format of the apparatus. The results of this
simulation were then analyzed by the same identical program used to analyze the actual
data. The output of this analysis provided the numerator for the acceptance calculation,
while the original HIJET results provided the denominator.

4. Results

One of the first tests of an acceptance calculation is if it can reproduce an already
measured quantity. The Lifetime of A's and K®'s is well known. The decay distributions of
A's and A"°'s for our data are shown in figure 7. The solid lines are not fits, but the known
lifetimes. They seem to agree with our data reasonably well. This gives us confidence in
our acceptance calculations.



The uncorrected rapidity distribution for "central" events (as defined by the UZ2"
counter) is shown in figure 9a for A's and ifj's in figure 9b. The falloff on th?" \-;x? -?ide is
due to decreasing acceptance. We select A's in the region 1.2 < y(A) < 3.0 and K°'s in
the region 2.2 < y{K*) < 3.0.

Since no negative particles are present in the initial Si-Au state, the negative particle
multiplicity is a measure of the energy deposited in the interaction. Negative particles that
go through at least the first TPC module and have a z~ rapidity > 1.7 have a reasonably
good acceptance in our apparatus and therefore a model independent measure of the
energy deposition. The absolute scale of this multiplicity is not relevant for the following
discusssions. It is only important to note that the highest multiplicities correspond to the
most central events. This selected multiplicity distribution is shown in figure 10. The A
yield corrected for neutral branching ratio per event as a function of this multiplicity is
shown in figure l la . The K% yield is shown in figure l i b . The yields show a monotonic
increase with increasing multiplicity. The largest yields being for the highest multiplicities
which correspond to the most central events. The yields per negative particle for this
selected multiplicity are shown in figure 12. Both A's and K°'s show a constant yield per
negative particle as a function of this multiplicity. This is not too surprising, since this
is what one would expect in a normal superposition of nucleon-nucleon interactions. A
version of the HIJET model without a significant amount of rescattering underpredicts the
A and K° yields by about a factor of 3 for the most central events.

Using the thermodynamic model, with some assumptions we can express the transverse
momentum dependence in exponential form as follows:

dp*

where

mT = y™2 +

is the transverse mass and the exponential slope B is inversely proportional to the tem-
perature of the fireball that created the particles. The parametrization of our data in this
form is shown for A's and /fj 's in figure 13. The corresponding transverse momentum
ranges are 0 < p? < 1.0 GeV/c. The events are in the above mentioned rapidity ranges
and are in the "central" cut as mentioned above. The exponential slopes are:

8.4 ± .4 (statistical error only) for A's
6.7 dr .6 (statistical error only) for A"°'s.

5. Summary

1. We observe A, K° production in 14.5 GeV/c Si on Au interactions with a rate pro-
portional to negative particle multiplicity in the range y(7r~) > 1.7 and
1.2 < y(A) < 3.0, 2.2 < y(K0,) < 3.0.



2. An older HIJET model (without significant rescattering) underpredicts the A and K®
production rate at the highest multiplicities by about a factor of 3. Revision of HIJET
is in progress to account for this discrepancy.

3. The observed limit on A production is jfijj < 0.07 (95% C.L.).

4. The exponential slopes of the mj- distributions for 0 < pr < 1.0 GeV/c are found to
be:

= 8.4±.4GeV~1

B(K°) = 6.7 ± .6 GeV " 1

6. Conclusions

The results from a relatively short data taking run of Si on Au interactions at 14.5
GeV/c demonstrate that a TPC tracking detector is capable of measuring V° production.
With a higher statistics run we plan to examine V° production in more detail as a function
of px and y for any anomolous behavior. The E810 apparatus has adequate aperture for
studying multi-A production in one event. We plan to look at events with multi-A's for
anomalous yield of multi-A's and for correspondingly anomolous behavior in other global
observables for any evidence of QGP formation.
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FIG. 1. Plan view of the E-810 apparatus.



Trigger Selectivity June 89
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FIG. 2. Charged particle multiplicity as a function of pulse height in the "Z2" veto
counter for several thick targets.



Si on Au Data
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FIG. 3. "Z2" veto counter pulse height distribution for events in the vicinity of the Au
target.



Run 12
Tape 14626
Date 24 JUN 89
Time 18:48:13
Event 2438

FIG. 4a. Three views of a typical Au-Si interaction contain-
ing a A. For description see text.

Run 12
Tape 14626
Date 24 JUN 89
Time 18:48:13
Event 2438

FIG. 4b. Same event as in figure 4a, but with all tracks
removed except for the A decay tracks.



Si on Au Data
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FIG. 5. rr p effective mass spectrum for V° decays passing cuts as described in the text.
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Si on Au Data
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FIG. 6a. 7r+7r~ effective mass spectrum for V° decays pass-
ing cuts as described in the text.
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FIG. 6b. Same as figure 6a, except events kinematically
ambiguous with A decays removed.
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Si on Au Data
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FIG. 7. ir+p effective mass spectrum for V'° decays passing cuts as described in the text.
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FIG. 8. A and K® decay distributions for the "central" trigger selection.

13



Si on Au Data
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FIG. 9. Uncorrected A and K, rapidity distribution for the "central" trigger selection.
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Si on Au Data - Rapidity > 1.7
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FIG. 10. Negative particle multiplicity for selected tracks as described in the text.
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FIG. 11. A and A"J yields as a function of selected negative particle multiplicity.
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Si on Aii - A Data (1.2<Y<3.0)
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FIG. 12. A and K° yield per selected negative track yield.
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Si on Au - A and Ks° pT Distributions
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FIG. 13. A and Ka transverse momentum distributions as a function of transverse mass.
The solid lines are fits to the expressions Ae~BmT'.
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