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OPTIMIZATION ATTEMPTS FOR TIME RESOLUTION IN FAST-SLOW 
COINCIDENCE SYSTEMS 

ZS. KAJCSOS*, J.Ch. ABBE, J.P. OBERLIN, G. SERENY*, A. HAESSLER 
Laboratoire de Chimie .Nucléaire 

Centre de Recherches Nucléaires et Université Louis Pasteur 
STRASBOURG (France)** 

Abstract 
A systematic investigation to obtain good time resolu

tions with proper shape of the resolution curve in fast-slow coinci
dence systems is described, Measuring the output time-walk as a 
function of the input signal amplitudes for fast timing discrimina
tors, it was possible to choose an input signal amplitude range 
resulting in small time uncertainty and thus to achieve a good time 
resolution almost independent of the dynamic range. With an addi
tional fp.st gating line a more gaussian shape of the resolution 
curve with less pronounced tails on both sides could be obtained. 

The electronic set-ups used in experiments requiring 
fast timing are generally fast-slow coincidence systems. Such de
vices have been developped to a great extent in nuclear physics and 
their use is becoming quite common in other fields especially in 
time-differential perturbed angular correlation (TDPAC) and posi
tron lifetime measurements. With photomultipliers the slow line 
allows energy selection from the dynode signal whereas time infor
mations are obtained from the anode signal through fast electronic 
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circuitry : constant fraction or snapp-off diode discriminators 
and time-to-amplitude converter (TAC) with its output gated from 
the energy selection circuit. 

22 
In positron lifetime measurements with Na sources the 

emission of the positron is detected by the 1.28 MeV y emitted si
multaneously and its annihilation by one of the 0.5 MeV photons. 
In these experiments not only the resolution is a major factor 
but the symmetry of the curve is also of importance since the 
measured spectra is the weighted sum of exponentials from the 
different positron annihilation channels. 

To check the equipment, one measures usually the prompt 
resolution curve with a Co source which emits two y in cascade 
within a very short time (0.2 ps). The most important parameters 
are the full widths at half maximum (FWHM) and at tenth maximum 
(FWTM), the ratio of these values and the tails at the feet of the 
prompt curve. Generally, the measured spectra are decon>/oluted with 
a ganssian distribution of the resolution. 

The assembling used in this work is shown on Fig.l. The 
activities of the sources were 10 to 20 uci. The first measurements 
with the windows settings appropriate for positron lifetime measu
rements showed that the resolution itself and the shape of the 
prompt curves depended strongly on the input amplitude to the fast 
timing discriminator, and thus on the energy windows selected in 
the slow line. Faster multipliers than the 56 AVP (XP 1023) were 
used but similar problems arose. Thus a systematic investigation 
of the discriminator, putput time walk as.a function of the input 
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signal amplitude and width was undertaken with the set-up shown on 
Fig.2. The time walk can be measured either with a sampling oscil
loscope or a TAC. Great care must be taken in the pulse generator 
stability and in the self delay of the variable attenuator. Four 
ELSCINT snapp-off diode discriminators (STD N-l) and two ORTEC 
constant fraction discriminators (model 463} were tested (Fig.3). 
Except for one Elscint unit (C) the overall time-walk in the total 
dynamic range (100 mV to 10 V) fell within the claimed tolerance 
and a plateau was observed. A proper adjustment of the input signa 
thus appears to be of maximum importance. 

Aware of this problem and turning back to the measure
ments with the photomultipliers, the anode amplitudes were adjusted 
so as to fall into the flat range (between 0.5 to 1 V) by appro
priate attenuators before the snapp-off discriminators inputs. By 
this way, the FWHM was decreased to approximately 310 ps and it 
became almost independent on the window widths. The only remaining 
problems were the tails on both sides of the curve, more pronounced 
on the low energy side. This peculiar behaviour can be accounted 

?2 for from Fig.4 where are shown the time spectra for " Na ungated 
(a) and 0.5-0.5 MeV (1), 1.28-0.5 MeV (2), 0.5-1.28 MeV (3) gated 
and the Co 1.28-0.5 MeV (b). The asymmetry on the left side of 
curve b appears to result from low energy signals which originates 
from an uncomplete gating, clearer gating could be achieved by 
decreasing the source activity, resulting however in longer measu
ring times. A better solution was obtained by gating the start 
signal to the TAC with an additional coincidence device. The anode 
signals were thereafter divided with the help of two transformers. 
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One of the signals was led through attenuators to the snapp-off 
diode discriminator, whereas the other was used for energy selec
tion with fas discriminator and coincidence units. This fast gating 
resulted in a much lower random coincidence rate in the low energy 
region and the asymmetry mentionned above disappeared, which is 
necessary for correct positron lifetime measurements. The tail at 
the left side is decreased markedly after these adjustments to 

-4 about (2 to 5) x 10 of the maximum height and its contribution in 
the deconvolution is negligible. 

As a result of these adjustments resolution curves with 
quite gaussian shapes and tail-free were obtained with FWHM = 310 ps 
and FWTM = 570 ps, in a quite broad dynamic range (40- 50 % ) . 
Changing the photomultipliers from 56 AVPU to XP 1023 lead to 
FWHM between 210 and 250 ps, depending on the high voltage settings, 
a value that might be further lowered with faster photomultipliers. 
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Fig. l - Fast-slow coïncidence system. 
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Flg. 2 - Set-up for walk test measurements. 
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Fig. 4 - Resolution curves, 
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Fig. 3 - Variations of the discri
minators output time walk with 
the imput voltages. 

ELSCINT units gain * 1 
ORTEC discriminator levels : 

Unit 1 s A - 50 mV 
3 => 200 mV 

Unit 2 s C - 50 mV 
D - 200 mV 


