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Summary

The low energy pion channel (LEP) at LAMPF was
used to calibrate the response of modules of the
Plastic Ball detector for positive pions and protons.
The detection efficiency was measured at various
energies. The resolution and efficiency were found
to be independent of the point at which the particle
entered the detector. Scattered out particles could
be well detected by including neighbouring detectors
in the analysis.

Introduction

The Plastic Ball is a detector system designed
for the study of relativistic heavy ion collisions at
the Bevalac. It covers a solid angle of 94% of 47
and consists of 815 AB-E scintillator telescopes. A
detailed description of this detector has been
published elsewherel.

Fig. 1 shows a single module. The AE segment is
a 4 mm thick CaF; (Eu) crysta12 and the E segment is
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Fig. 1. Plastic Ball Module.

a 36 cm long plastic scintillator3. The signals of
both parts are read out by one common photomultiplier
where the E segment serves as a light guide for the AE
signal. The AE and E information can be distin-
guished from one another by virtue of the considerably
different decay times of the respective scintillators.
It has been proven that such a telescope is capable of
identifying the hydrogen and helium isotopesl. A
further goal of the detector system is the
identification of low energy positive pions.

Energies can be measured only for the case where
the particles are stopped in the detector volume: up
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to 210 MeV for p and up to 980 MeV for 4ge.

Depending on the projectile energy in relativistic
heavy ion reactions the pion yield may be lower than
that of protons by orders of magnitude‘. In a
simple AE-E contour plot the pions would disappear in
the background produced by heavier particles. There-
fore, an additional tag signal is needed for pion
identification. That is provided in the case of
positive pions by measuring the occurrence of a posi-
tron signal from the delayed mt decay over a period
of 10 us. A stopped 1t decays into a u* and a

v(T =26 ns) and the y* decays subsequently into

et and v +V (T = 2.2 us).

To study and calibrate this detection scheme for
7+, an experiment has been performed at the low
energy pion beam (LEP) at LAMPF with the further goal
of getting some values for the detection efficiency
for pions and protons.

Experimental Setup

As shown in fig. 2, an assembly of 13 Plastic
Ball modules was placed in the beam defined by two 2
X 2 cm scintillation counters. Different kinds of

Fig. 2, . Experimental setup.

particles with the same momentum (especially pions
and protons) were selected by setting appropriate
windows on the time of flight spectrum between those
two counters. Thirteen modules were used, since then
the central module is completely surrounded by all
possible neighbours as shown in the front view in
fig. 2. This configuration specifically permits
studying the two dominating effects determining the
detection efficiency: a) the scattering out of
particles during the slowing down process and b) the
detection probability for the positrons stemming from
the 7 decay. (These positrons are emitted
isotropically with a maximum energy of 53 MeV and
have a high probability of leaving the module). Both
effects make it necessary to take information in the




neighbouring modules into account and to reconstruct
the event. By having particles impinge on the module
in the three different points indicated in fig. 2
(centre point, side of two modules and corner of six
modules), the dependence of the reconstruction
efficiency on the geometrical entry point can be
determined.

The energy of the incident pions was varied
between 60 MeV and 300 MeV. Simultaneously the
admixture of protons in the pion beam was used to
calibrate the counters for protons with energies up
to 75 Mev.

FPig. 3 shows schematically the electronics used
for this test. Each photomultiplier output is fanned
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Fig. 3. Electronics diagram.

out to three ADC channels and one discriminator. The
separation of E and AE signals is performed by apply-
ing different gate pulses of the appropriate duration
(2 ys for AE and 50 ns for E) to the two different
ADC's, the AE gate being delayed by 200 ns relative
to the E gate. The third ADC measures the energy of
the positron from the pion decay. This is very
important since the AE signal, the true value of
which is of the order of 3 MeV, also may include the
positron energy of up to 53 MeV. 1In order to obtain
the true AE signal, the electron energy has to be
subtracted. The output of the discriminator is fed
to a TDC with a range of 10 us which is started after
the occurrence of the direct E signal and therefore
registers only decay times.

Analysis and Results

The analysis of the data requires several steps.
A AE signal in a module indicates that a charged par-
ticle has entered this particular module. The tail
of the fast E scintillator pulse extends into the AE
gate interval and necessitates a correction to the AE
value, which amounts to about 13% of the measured
value of E. An analogous correction (5%) has to be
applied to the E signal in order to take the admixture
of the fast components of the AE pulse into account.
These two corrections transform the inclined AE-E axes
shown in fig. 6, ref. 1, into a rectangular coordinate
system. In the case of a pion and the presence of a
decay positron during the opening time of the gate,
the AE signal has to be corrected. This correction
can be done with satisfactory precision. For events
where a positron is registered the AE resolution after
the correction is only 30% worse than for events with
no decay positron. The AE signal indicates, as
mentioned above, the entrance of a particle into a
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Fig. 4. Energy spectra measured for a monoenergetic
pion beam entering between two modules as measured in
the two individual counters (top two spectra) and
after reconstruction (lower spectrum).

detector module. To check, however, whether this
particle or its decay product have been stopped in
the same module, neighbouring counters have to be
inspected for possible losses. Fig. 4 shows the
result of this procedure in a case where the beam
entered between two modules, i.e., where the
probability for scattering out is high. The top two
spectra show the energy spectrum of a monoenergetic
pion beam as detected in the two individual modules
and the lowest spectrum shows the result of the
reconstruction. A comparison of the detection
efficiencies measured for the three different entry
points into the module assembly yields the gratifying
result that all scattering out can be reconstructed.

A very important task of the test was to obtain
energy calibration curves for pions and protons. As
can be seen from fig. 5, the calibration for pions
and protons differ slightly since the quenching is
larger for protons. In the ranges covered by the
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Fig. 5. Energy calibration.



measurement (low energy part for protons and high
energy part for pions) the light output is
surprisingly linear with energy. This was not
expected, since the geometrical light collection
along the particle path as measured on the surface
with an electron source is not constant, the light
collection near the CaF; crystal being about a
factor of 2 better than near the phototube.

It had been proven earlier in tests at the
Bevalac that the energy resolution of the plastic
scintillator and of the CaF, crystal is good enough
for particle identificationl. For protons of 75 MeV
the energy resolution in the plastic scintillator is
3.5 MeV FWHM, and in the CaF,, where the protons
lose about 8 MeV, the resolution is 1 MeV FWHM.,

Fig. 6 shows the AE-E contour plot for all
measured pion and proton energies. The two branches
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Fig. 6. AE-E contour plot.

are well separated. The spectrum in the upper right
corner is a projection of the interval indicated by
dashed lines on the AE-axis. It illustrates in a
more quantitative way the quality of the particle
discrimination. The dashed line at 32 counts in this
spectrum indicates the intensity threshold in the
contour plot.

The probability of detecting a proton within 10%
of its correct energy is about 90% for the low energy
protons measured.

The detection efficiency for pions is given in
fig. 7. The solid curve indicates the probability of
measuring a decay time in the range between 200 ns and
10 ps. Theoretically, that probability is 90% and is
independent of energy. Due to the discriminator
. threshold at about 4 MeV and the fact that the
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Fig. 7. Pion detection efficiencies.

continuous electron spectrum extends beyond that
energy, 80% of the pions can be tagged at low
energies. However, this number decreases with higher
energy since in this case the stop point is closer to
the end of the scintillator and the probability of the
electrons leaving the counter system without giving a
detectable signal increases. The dashed line in fig.
7 shows the probability of detecting a pion with an
appropriate decay time and within 10% of the correct
energy. Both efficiency curves have been corrected
for accidental stops in the TDCs. The number of
accidentals can be determined as flat background
under the exponential decay curve.
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