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ABSTRACT

A Large Angle Multiplicity Detector (LAMD) system has
been developed and used at the BNL experiment E854:
Antiproton Nucleus Interactions. This system performed well
with an energetic antiproton beam. Charged particle
multiplicity distributions from pbar annihilations were
measured. We discuss the design and performance of the
LAMD system in this paper.

INTRODUCTION

The purpose of the BNL experiment E854 is to search
for the predicted formation of hot hadronic matter by energetic
antiproton absorption on a range of nuclei. This experiment
probes the high temperature - low density region of the nuclear
matter phase diagram. In the only previous experiment [I],
the inclusive production of X, X and Ks, their rapidity and the
charged particle multiplicities from annihilations of 4 GeV
antiproton on tantalum were measured. The results were
successfully interpreted with nuclear cascade models [2,3].
Rafeiski [41 claimed that this measurement also gave evidence
for Quark Gluon Plasma formation.

The present experiment was performed at the Multi
Particle Spectrometer (MPS) facility of die Brookhaven
National Laboratory. Antiproton beams of 5, 7 and 9 GeV/c
were used to interact with C, Cu, Al, Sn and Pb nuclear
targets. To track decay panicles from X, X and Ks, three
Multi Wire Drift Chambers [5] in the upstream and four in the
downstream region of the target (Fig. I.) were used. The MPS
system does not detect particles emitted perpendicular or nearly
perpendicular to the beam. We designed, constructed and used
a Large Angle Multiplicity Detector (LAMD) system to detect
charged particle multiplicities. The target was surrounded first
by 12 interaction trigger scintillators and then by the silicon
detectors.
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Fig. I: Plan View of BNL Experiment E854 Apparatus

DESCRIPTION OF THE LAMD SYSTEM

The LAMD system (Fig. 2) consists of 240 ion
implanted silicon photo diodes arranged in 12 pad arrays. Each
array (Fig. 3) contains 20, I cm x 1 cm silicon diodes with
thickness of 5Q0± 25 microns. These tow noise, fast response
diodes along with front end, quad hybrid preamplifiers [CERN
design MSP1] were purchased from Micron Semiconductor
Limited [6]. The quad preamplifier differential output is
intended' J drive balanced lines.

For greater amplification of the low signal levels
from the silicon detectors, shaping amplifiers were designed
and constructed. The shaping amplifier (Fig. 4) is mounted in
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-the printed circuit support card on which the preamplifier is
mounted (Fig. 5). The inputs are AC coupled to a Motorola
MC1733. The outputs are then connected via an integrating
network to complementary emitter followers. The gain of the
shaping amplifier is variable from 10 to 30. The output of the
shaping amplifier drives ISO feet of twisted pair ribbon cables
which is then terminated in an isolation transformer matching
card. The matching card terminates 16 twisted pair lines wicb
100 ohm impedance and provides 16 lines DO match the 50
ohm impedance of the LeCroy FERA CAMAC Analog to
Digital Converters (ADQ. A schematic is shown in Fig. 6.

Rg. 2: Large Angle Multiplicity Detector System (LAMD)
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Rg. 5: Printed Circuit Support Card with AmpIiEe

Fig. 3: Detail of LAMD 20 Diode Array 1SDPT (~H«ACC
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Fig. 4: Shaping Amplifier

Fig. 6: Block Diagram of LAMD Electronics

RESULTS O F T H E PROTOTYPE TESTS

Extensive bench tests were performed with one
silicon pad array. Beu rays from a collimated Ru-IQ6 source
passed through the silicon detector and then to the trigger
scintillators SI (5mm thick) and S2 (10 mm thick). Caulcmb
scattering for beta rays in a silicon wafer is quite large. A ficie
veto counter S3 was therefore used (Fig. 7). Thus diggers for
minimum ionising particles (MIP) were obtained from



scintillator coincidence SI.S2. S3BAR. This coincidence
signal provided the gate for ADC. Using the complete
electronic setup and triggering on MDP, a typical puise height
spectrum obtained from a single diode is shown in Fig. 8.

Fig. 7: A Test setup

The leakage current for the diodes was measured at
different bias voltages. At full depletion voltage and at room
temperature (20° Q the current from a pad array (containing
20 diodes) was about 0.5 micro amp which is in accord with
the specifications. Currents from individual diodes were
mostly uniform across the array and the diodes were found to
be very sensitive to light and heat

RESULTS W I T H ANTTPRQTONBEAM

During the experiment, the complete LAMD system
was mounted inside the MPS magnet where the environment
was reasonably dark. Because of power dissipation from
electronics, the silicon diode environment becomes warm.
Unfiltered air is blown around the electronics to maintain room
temperature which was monitored by thermocouples installed
inside the LAMD system. The bias voltages of all the diodes
were set near the full depletion depth which was 60 ± 10 volts.
All 240 shaping amplifiers were set to the same gain as
closely as possible.

The preamp and the shaping amplifier worked well
with ±5 volts without any major problem cf external noise
pickup in the signal. The typical leakage current from one pad
array at the start of the experiment was about 2.2 micro amp at
the typical temperature of 28° C.
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Fig. 8: Typical LAMD Pulse Height Spectrum for Ru-I06.

This current increased by a factor of three after one month of
running.

The beam intensity (Pions, Kaons and Pbars) near the
silicon diodes was roughly 1000 per sec (not considering the
halos). The beam particles usually collide with lattice aioms
in silicon diodes causing point defects by knocking atoms out
of their normal position. These structural defects give rise to
discrete trapping levels in the forbidden band gap which reduce
the number of charge carriers in the diodes and induce more
leakage current It is difficult to believe that radiation damage
from such low intensity caused the apparent rise in leakage
current in our detector. Surface contamination due to unfiliered
air and high humidity in tae environment may possibly be toe
cause of the increase.

Enough data have been accumulated for pbar
annihilation studies. Hits in the diodes from a typical run are
shown in Fig. 9. Same diodes were noisier than others which
will be corrected in the offline analysis. A typical charged
particle multiplicity distribution is shown in Fig. 10. Fcr the
first time such a system has been successfully used to measure
the charged particle multiplicity distribution from the energetic
anu'proton annihilations.
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Fig. 9: Typical Hit Distributions in Diodes from 7 GeV/c
Antipratcn Annihilations in Sn.
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Fig. 10: Typical Charged Particle Multiplicity Distributions from
7 GeV/c AmipTDton Annihilations in Nuclei (Cu, Pb)



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, ar
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions af authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


