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‘The constant fraction of pulse height trigger has been shown
previously:2) to provide the optimum time resolution with a
scintillator-photomultiplier system. The principle is discussed in
detail in this paper and a circuit suitable for general use is

1. Introduction

In previous papers'*?) resuits of tests on a constant
fraction of pulse height trigger were presented. It was
shown that this technique produces the optimum time
resolution obtainable from a fast scintillator-phototube
combination over a 100:1 dynamic range. The residual
walk over the same pulse height range was within
+ 120 psec. A circuit design for this trigger which is
suitable for general use is described in this paper.

A brief review of the other commonly used processing
methods will be given in order to show how they can
limit the obtainable time resolution.

2. A comparison of pulse processing methods

Information has been available for some time which
indicates that the time resolution of a scintillator-
photomultiplier combination exhibits a minimum at a
fractional triggering level of about 15%, independent of
pulse height!~¢). Fig. 1 is an example of such data
taken from?). The detector was a 1” dia x 1” long NE213
scintillator mounted on an XP1040 photomultiplier.
The time resolution, A¢, is the full width at half maxi-
mum (nsec) of the time peak observed in a time-of-flight
experiment with 17 MeV neutrons. The abscissa, f, is
the fractional triggering level defined in the following
way. The current pulse from the last dynode of the
photomultiplier was used to drive a low input impe-
dance tunnel diode discriminator. Thediscriminator was
set to trigger at a fixed threshold on the leading edge of
the current pulse [straight response'®)]. The fractional
triggering level is defined as the discriminator threshold
divided by the amplitude of the current pulse.

As can be seen from fig. 1, the time resolution is a
minimum for a fractional triggering level of about 10%,.
The energies indicated in the diagram are equivalent
electron energies deposited in the scintillator. The R
values are the estimated numbers of photoelectrons
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presented. Over a 100:1 dynamic range the walk is within
+ 120 psec. The lower threshold is variable from 0.8 mA to
10 mA on the anode pulse height. A comparison is made with
other commonly used timing methods.

emitted from the photocathode for each selected pulse
height.

Let us compare three methods for deriving time in-
formation from the phototube current pulse.

1. Leading edge timing with a fixed threshold

discriminator;

2. Fast cross-over timing with the clipping stub
technique;

3. Timing at the optimum fractional triggering
threshold with a constant fraction of pulse height
trigger.

The first method is the most commonly used. The
greatest disadvantage to leading edge timing with a
fixed threshold discriminator is the walk or amplitude
effect. Pulses of different amplitudes cross the discrimi-
nator threshold at different times (small ones later, large
ones earlier) causing the triggering time to shift or
“walk”. It is possible to-correct for most of this walk by
either analog or on-line computer techniques’®).
Although the on-line computer two-parameter method
is the more effective of the two approaches, difficulty is
still encountered in removing all effects of the walk at
low pulse heights.

Even if ideal walk correction could be obtained,
another problem would remian. The choice of the fixed
discriminator threshold can give the optimum time
resolution only for a very small dynamic range of pulse
heights. For instance, to achieve optimum time resolu-
tion for the 352 keV pulse height in fig. 1 a threshold of
35 keV should be chosen. Unfortunately, for the 3.12
MeV pulse height this threshold will be too low. In
fig. 2, curve (3) shows the optimum time resolution as a
function of energy (pulse height) found at the 10%
fractional triggering level in fig. 1. Curve (1a) shows the
time resolution that would be obtained with a 35 keV
threshold on a fixed threshold discriminator (ignoring
walk). Clearly the resolution is worse than optimum at
energies different than 352 keV. Curve (1b) shows the
resolution for a threshold of 100 keV. The resolution is
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