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ABSTRACT

Results are presented for inclusive measurements of TT. K. proton
and deuteroa spectra from 14.5 A-GeV/c Si central collisions with
Au targets. Pseudo-rapidity distributions of charged particles
from a variety of targets are'also shown. Ratios of K to T yields
are large and increase with p±_ for Si-f-Au collisions.

1. INTRODUCTION

The ES02 experiment has been assembled and operational at the Brookhaven
National Laboratory AGS for about l£ years due to the combined efforts of over 60
scientists from 13 institutions. Not unexpectedly, the 17 graduate students within
the collaboration have especially carried the burden of construction and data anal-
ysis. Objectives for the experiment include the measurement of strange particle
production, in particular, kaon yields, with large phase-space coverage and good
event characterization, for collisions of heavy nuclei with a variety of nuclear tar-
gets. This large coverage is achieved by rotating the spectrometer, allowing mea-
surements from 5° to 55° in the laboratory. The momentum range is extended by
a series of Cerenkov counters with different thresholds and appropriate segmenta-
tion (Fig. 1). The acceptance solid angle of 25 msr is adequate to study pion and
(hopefully) kaon interferometry. Inasmuch as the kaon yield for proton-nucleus
collisions at AGS energies is typically only 1/20 of the pion yield and the kaon
lifetime is short, excellent K-7r separation and a compact design of 6.5m are es-
sential. This length sets a low-momentum cutoff at 0.5 GeV/c, below which the
detection probability for kaons drops rapidly. The momentum acceptance of the
spectrometer is shown in Fig. 2. Good event characterization is achieved using
the target multiplicity array (TMA). the lead-glass wall (PBGL) that measures
transverse energy, and the zero-degree calorimeter (ZCAL).

2. EXPERIMENT

Beams of 28Si and lfiO at 14.5 A-GeV/c are provided at Brookhaven using the
dual tandem Van de Graaffs as an injector to the venerable AGS. The limit on mass
is given by the velocity of the beam the tandem can deliver for which all electrons
may be stripped before injection. A booster synchrotron under construction will
have ultra-high vacuum, allowing further acceleration of heavier ions up to Au



before before stripping and injection. Beam rates of typically 105Hz are delivered
under vacuum to the targets that are 1-3% of an interaction length. A series of thin
plastic scintillators in and about the beam establishes the correct beam geometry,
the total beam counts, the occurrence of an interaction (seen by loss of charge by
the beam particle), and the start time for the time-of-flight to determine particle
identification (PID).

The target multiplicity array (TMA), surrounding the target, consists of an
array of plastic tubes, operated in the proportional mode, with readout of 3,200
cathode pads. Central collisions are defined to be events that result in charged-
particle multiplicities within the upper 7% of this distribution. For nuclear beams,
a hardware trigger was derived from the TMA to enhance the data sample for such
central collisions to about 50% of the recorded events. These high-multiplicity
events also displayed large transverse energy in the PBGL array and low deposited
energy in ZCAL (Fig. 3). All the spectra to be shown here will be for such central
collisions with j8Si beams. A discussion of the distributions measured by the
PBGL and TMA arrays are presented elsewhere1. An analysis of the transverse
energy distribution indicates that at AGS energies nuclear stopping (degradation
of beam enery below pion production threshold) for the nuclear beams is achieved
already for nuclear targets as thick as Ag. Heavier targets have a similar transverse
energy distribution at maximum energies.

Particle tracking within the spectrometer is provided by two sets (Tl and T2)
of multi-plane drift chambers before and two sets (T3 and T4) after a large apera-
ture (25 msr) dipole magnet. The electronic readout by Fastbus multi-hit TDC's
provides for the high multiplicity of measured events (mean«s2, range< 6 for good
tracks behind the magnet) in central collisions at forward angles. Manual scan-
ning of over 100 events indicates that the algorithm used for track reconstruction
is about 85% efficient for the range of momentum and multiplicities of the data
shown here. The track reconstruction for a multiplicity 4 event is shown in Fig. 4.
Particle identification is provided by a 160 slat plastic-scintillator time-of-flight
wall (TOF). with 75 ps (la. with slewing correction) timing resolution for pions, a
96 segment aerogel Cerenkov counter (AEROC). and a 40 segment high-pressure
gas Cerenkov counter (GASC). This last detector has just been installed, thus
after the data, shown here were collected. The TOF is able to provide good K-TT
separation up to 2.2 GeV/c, sufficient for the particle identification for most of



the data discussed here. A separate array of three Cerenkov vessels with associ-
ated tracking chambers and scintillator arrays (CC) extends the momentum range
with PID above 5 GeV/c to the beam momentum, albeit with small solid angle
(0.5 msr). The outstanding particle separation obtained with this spectrometer is
shown in Fig. 5.

3. SELECTED RESULTS

The pseudo-rapidity distribution of charged particles, obtained with the TMA
for central collisions of 28Si with a variety of targets, is shown in Fig. 6. (The kink
in the distributions at rj = 0 is an artifact arising from shadowing by the target.)
For the Al target, with similar mass to the 28Si projectile, the distribution peaks at
the nucleon-nucleon center-of-mass angle. For the heavier targets the peak shifts
backwards in angle. For Au, it peaks at a center-of-mass angle appropriate for
emanation from a system consisting of the projectile and the tube of swept out
nucleons (total =slO3 participants) from central collisions. The spectral distribu-
tions presented here are for rapidities near the peak of the distribution, namely
for 1.2 < Y < 1.5.

The invariant cross sections for pions and kaons within this rapidity inter-
val are shown in Fig. 7 as a function of transverse mass m± = y/p±2 -+• mj for
centrally gated Si+Au collisions. These spectra have an overall arbitrary normal-
ization factor and the error bars represent statistical uncertainties only. Additional
systematic errors of the order of 10% may be present due to uncertainties in accep-
tance corrections and run-to-run normalizations; these effects are currently under
evaluation. One sees that the spectral distributions are well described as being
exponential i n m i , with common slopes: such m i scaling would be characteristic
of emanation from a thermal source. The exponential lines drawn on Fig. 7 are
illustrative only and are not fits to the data. Slope parameters are about 170 MeV.

Results for protons in the same rapidity interval and deuterons in a nearby
rapidity interval are shown in Fig. 8. The protons show a similar exponential
dependence on mj_. but with a larger slope parameter of about 240 MeV. For
the same rapidity interval the coalescence model for deuteron production2 pre-
dicts that, if the proton spectra scale in m i , the deuteron spectra should scale
with a similar slope. Further analysis of these results within the framework of
hydrodynamic and coalescence models is in progress.



4. DISCUSSION

The LUND model event generator FRITIOF3 has been tuned to reproduce

inclusive pion distributions in p-p and p-Pb collisions at AGS energies. In the

fragmentation function /(.r.mj.) = [(1 — .r)n/.r]e~(*ml/x). the parameters a and

b were chosen to be 1.0 and 0.4. respectively, and the a parameter, which scales

the momentum transfer between strings, was set to 0.55. These small changes

from the normal parameter set result in excellent fits to pion and proton spectra.

Comparisons of these Monte-Carlo model predictions for central Si+Au collisions

are shown in Fig. 9 as a function of pj_. All four FRITIOF curves were multiplied

by a single normalization constant to match the pion data. In Fig. 10 these mea-

sured K/w ratios relative to FRITIOF predictions are shown compared with ratios

extracted from published p-p and p-Pb data at AGS energies4. These published

data include ratios of invariant cross sections measured at central rapidities as well

as ratios of laboratory cross sections measured at laboratory angles above %5°.

One sees that the measured ratios for K+ to TT+ for p-p and p-Pb collisions scale

approximately with p±, consistent with the FRITIOF predictions. The approxi-

mate m± scaling of the Si+Au cross sections lead to large increases in the K/TT

ratios with increasing px- The integrated K/TT ratio is dominated by the low p±

part of the spectra, and is « 20% for K+/7r+ and 5-6% for K~/TT~ in this rapidity

interval. For p-Pb collisions, the integrated K+/7r+ ratio is 10% and the K~/n~

ratio is s: 3%.

Finally, the slope parameter for central Si+Au—»p+X is shown as a function of

rapidity in Fig. 11. For a relativistic isotropic thermal source the slope parameter

should scale as l/cosh(}' — I'o) with rapidity. Such an illustrative curve is shown

on Fig. 11. The comparison seems good at larger rapidities (forward angles) but

seems poorer at lower rapidities, perhaps due to contributions in the proton spectra

at these back angles from spectator protons. Analysis of recently acquired data

will allow a similar comparison to be made for pion production, which would not

suffer from the spectator contribution.

5. SUMMARY

Inclusive spectra of invariant cross sections for K*. 7r±. and protons from 14.5

A-GeV/c 28Si central collisions with Au targets show an exponential dependence on



m x for rapidity intervals near 1" = 0 in the participant frame. The pions and kaons
show approximate m±_ scaling as well, namely they have similar slope parameters,
which is characteristic of a thermal source. Protons and deuterons also display
exponential spectra inmj_, but with different slopes. The slope parameters for the
protons show a dependence on rapidity in the forward region characteristic of an
isotropic thermal (fireball) source, and the peak in the pseudo-rapidity distribution
for all charged particles occurs at a rapidity appropriate for the participant system
denned by the collision geometry. The measured K+/n+ and K ~ / T ~ ratios are
much larger than ratios measured for p-p and p-Pb collisions at similar AGS
energies. Data are available for other targets and for 1 60 and proton projectiles.
A goal of the experiment is to provide a correlation analysis to determine source
sizes; a preliminary analysis is underway.

This work was supported in part by the U.S. D.O.E. under contract with
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REFERENCES

1) L. Remsberg et. al.. Z. Phys. C38 35 (1988): T. Abbott et. al.. Phys. Lett.
B197 285 (1987).

2) A. Schwarzschild and C. Zupancic. Phys. Rev. 129. S54 (1963).
3) B. Andersson. G. Gustafson. G. Ingelman and T. Sjostrand. Phys. Rep. 97

31 (1983).
4) J. Eichten et. al.. Nucl. Phys. B44 333 (1972); J.V. Allaby et. al.. CERN

70-12 (April 1970), Proc. 4th Int. Conf. High Energy Collis.. Oxford. UK 85
(1972); U. Becker et. al., Phys. Rev. Lett. 37 1731 (1976); A.N. Diddens et.
al.. Nuov. Cim. 31 961 (1964): G.J. Manner et. al., Phys. Rev. 172 1294
(1969): W.F. Baker et. al.. Phys. Rev. Lett. 7 101 (1961); Y. Raychardhuri.
Ph.D. Thesis (unpublished: Y. Makdisi. private communication).



GC8C
CAL

TOF- C^?^6'
HENRY
HIGGINS
MAGNET

T2
TMA WALL Tl

SARREL

& * •

* Y* TARGET

^ PIVOT 3 METERS I
10 FEET I

SCALE

Fig. 1: E802 single arm spectrometer and event characterization detectors.

MOMENTUM ACCEPTANCE .

Fig. 2: Acceptance in rapidity vs. pj_. The cross hatched regions indicate
phase space where data is presented at this conference. Particle identi&cation
limits are indicated in the upper panel.

REPRODUCED FROM BEST
AVAILABLE COPY



SI + A 14.5 GEV/CPER NUCLEON
L»«d Glass V Distributions ' <E?|H> vs. RE**,. Si + Al, Au

30

PREUMDMKr CMS-ACS DIC 19B7
f AU

100 200 300
ZCAL ToUl E (CUV)

400
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Fig. 4: Multiplicity 4 event reconstructed through the spectrometer.
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E802 14.5 A-GeV/c "Si+Al, Cu. Ag, Au
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Fig. 7: Invariant cross sections vs m±_ for central Si+Aur-* rr* and K±.
Exponential lines guide the eye and are not Bts. Units are arbitrary.
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