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SUMMARY

New circuits arc presented to determine precisely the counting losses

suffered in the entire gamma-ray spectrometer and to allow the automatic

correction for them even in the case of time dependent counting rates as

encountered when measuring short-lived radioisotopee. Experimental

proof is given that the proposed circuitry allows accurate quantitative

measurements in gamma-ray spectrometry. With counting rates up to

20. 000 counts per second losses amount to less than i . 5%.

INTRODUCTION

In instrumental neutron activation analysis a linear dependence is

desired between the measured full energy peak activities and the actual

source activity over as large an input counting rate range as possible.

Traditionally in pulse height analysis deviations have been imputed to the

dead time resulting from the slow process of analog-to-digital conversion.

These losses have then virtually always been corrected with live time

clocks. This dead time correction has several shortcomings :

1. The overall counting lossee in the portions of the counting system

that precede the multichannel analyser are not taken into account. The re-

lative contribution tends to increase with the development of increasingly
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fast converters and converters with a fixed short conversion time per

pulse from one side, and amplifiers 'able to handle very high counting

rates with negligible losses in energy resolution from the other side.

Moreover the long duration of the pulses necessary to obtain optimum

energy resolution tend to aggravate this problem. Analysis of the pulses

lost by random pulse pile-up shows that there are two distinct effects :

A.first type of losses is the result of two pulses occuring within a speci-

fic time interval. These pulses are seen by the converter as a single

pulse and thus produce a background, up to the sum of the amplitudes of

both pulses. A second type (tail pile-up) results from pulses falling on a

non-negligible tail on the baseline resulting from a previous pulse. The

ADC can detect these pul o e з as individual events, but tails and peak

broadening is introduced.

2. The live time clock ueed to correct for counting losses is only

accurate in the case in which the rate of the detected events is constant.

In fact, the pulses lost because they reach the input of the ADC while it is busy

processing a previous pulse are taken into account by extending the measure-

ment interval by a time equal to the total time the instrument was busy.

Several methods have been proposed for the correction of counting losses
1 2 3

due to pile-up. One method relies on the use of a pulser * ' and provides

a reasonably accurate timing of the live time counting interval in the entire

spectrometer. As shown by Wyttenbach , a simple correction method is

possible by measurement of the counting interval simultaneously in the

true-time and live-time modes.

Circuits have been built to detect the pile-up effect and to split the input

events into two categories : undistorted pulses are accepted whereas distor-

ted ones are rejected. The pile-up rejection circuit can only reduce distor-

tions not totally avoid them, so that there is always a resolving time within which

the rejector cannot recognise two discrete interactions in the detector from

a single one. Nevertheless pile-up is reduced by one to two orders of magni-

tude. One drawback for the use of this circuitry is that the counting losses

introduced do not lend themselves easily to correction, and at moderate to high

• counting rates quantitative results are inaccurate due to counting losses. One

'commercially available pile-up rejector is equipped with a live time correc-



tion system which corrects for counting losses introduced by pulse pile-up.

The working principle is not disclosed by the manufacturers .

In analytical gamma-ray epectrometry, the use of fast decaying nuclides

has greatly increased and several solutions have been proposed for an accu-

rate correction of dead time losses for measurements of short-lived isotopes.

An exact mathematical solution is only possible for one or two pure short-

lived nuclides and a short-lived nuclide mixed with a long-lived one,

Schonfeld plots the value of the instantaneous dead time versus time and

corrects the results by numerical integration. GOrner and Höhnel propose'

a method in which the livetime clock frequency decreases with the hal£-life(s)

of interest. A pulscr peak method to correct for losses in the entire pulse
2 4

processing and recording system as reported by Strauss and Anders is
only applicable for constant counting rates. Bolotin proposed a pulser peak
of random sequence and a variable rate proportional to that of the nuclear
. g
events registered in the case of varying counting rates. Wiernik made a

comparison of several methods for correction of dead time losses for short-

lived isotopes.
9

. The dead time correction system proposed by Harms consists in storing

a compensating pulse together with the next registered pulse in the same

channel, each time the loss of a pulse has been observed at the input of the

ADC. Harms shows by argumentation that the procedure yields corrects re-

sults for spectra which are not changing during the course of the measure-

ment. In order to correct the validity of the Harms dead time correction

for spectra which vary during the measurement, Monte Carlo calculations
10were performed by Masters and East . The results are convincing and the

system has been incorporated in several new multichannel analysers. The

Harms correction does not takes into account pulse pile-up in the amplifier

part of the multichannel analyser.

In the present paper a new method to correct for the dead time losses

in the entire spectrometer which can be used under conditions of varying

input counting rates is described. The method relies on the use of a pulse

pile-up rejector which is interfaced to the live time clock in such a manner

that an adequate correction is obtained for any rejected event by the exten-

sion of the live measurement period. Also, new circuity is incorporated into



the apparatus which compensates the dead time losses at the very moment

of their origin thus eliminating the drawbacks inherent to the a posteriori

live time correction, Because the dead time is fixed by the experimenter

at a value just slightly higher than the dead time at the start of the measu-

rement, it is proposed that the equipment is called a dead time stabiliser.

EXPERIMENTAL

The dead time stabilisation circuit

The method is based on the automatic creation of additional dead time

at the end of very short livetime measuring intervals, so as to keep the

total dead time constant during the length of the measurement. To perform

this, a fixed clock time is subdivided into short equidistant intervals TQ.

TQ should be small compared to any non-random changes of the dead time

and consists of a measuring interval T-, smaller than T c and imposed dead

time T-... Whenever a pulse is processed during the interval T M , its daad

time will extend the measurement by the normal live-time correction. Т.,

remaining unaffected, the increase of T-. due to the total dead time of a

number of pulses processed during T. , , requires an equal decrease of T—..

Thus losses are compensated by the normal livetime correction, but so

rapidly after the occurrence of the individual pulses that decay or a change

of the pulse rate does not affect the accuracy.

A fixed dead time is easily realised electronically as described in a
11separate paper , By allowing the variation of T M as comparedto a fixed

value of T~, the fixed dead time can be preset over a wide range of settings

e. g. from 5% to 90% with 5% or even 1% increments. In this manner the

.only directly apparent drawbacks of the method, • namely the loss in counting

efficiency due to imposed dead time is minimised. T c should be made small

compared to any possible change in counting rate. In the circuits built T„

was made equal to 2 msec.

The pile-up rejector and its interface to the live timer

Accurate quantitative results can be obtained from a spectrometer '

equipped with a pulse pile-up rejector provided that a few sources of error»

are taken into account. These errors partly depend on the type of rejector.



The Canberra 1464 pulse pile-up rejector-baseline restorer for instance

has the following working principle : A linear input signal from the amplifier

is delayed for 2 microseconds and is fed through a linear gate, controlled

by a'strobe signal. The latter is generated only in case the rejector part of

the unit provides the information that the signal is not disturbed by another

pulse, thus allowing the rejection of pile-up pulses of the first type. The

rejector has a dead time, called busy time which corresponds to the time

interval from the acceptance of the preamplifier pulse until a presctable

time after the pulse, thus allowing the rejection of tail pile-up.

A direct interfacing of the busy signal of the pulse pile-up rejector to

the analyser live time circuit does not provide adequate correction for losses

in the rejection and analysis equipment. Several comments are in order f

1) The loss of the second pulse of an affected pair is taken, into account since

this pulse comes within the system dead time period following the first pulse.

The rejection of the first pulse in the case of pile-up of the first type is only

taken into account in the live timer by a busy signal which does not provide

correction for the count lost. For pile-up of the second type the leading

pulse is processed and is accounted for in the live timer by the right dead

time.

2) There is a delay between the acceptance of a pulse in the pile-up rejector

and the occurrence of the strobed rejector output pulse. This sometimes

leads to the situation that a pulse accepted by the rejector near the end of

the ADC dead time period due to a previous one presents its output pulse

to the analog-to-digital converter when the dead time period is alrcday fi-

nished. The pulse is, then processed if it is not effected by pulse pile-up

although it should be discarded because it arised during the dead time period

of the ADC.

To eliminate losses due to the rejection of the first pulse in the case

of pile-up of the first type, it is possible to extend the time of the measure-

ment by a puitable time interval. One possibility to do this is to turn back the

live time clock for a time equal to the live time interval preceding the pile-up

event of this type. A simpler way to extend the measurement is to stop the

live time clock until the occurrence of the following accepted pulse. To eli-

minate all pulses during the dead time period of the ADC, the dead time



pulse can be fed to the rejector to inhibit it during dead periods,
12

The circuitry to perform this is described elsewhere . Although it is

based on the use of a specific type of pulse pile-up rejector, the previous

comments are sufficiently general to be readily applied to any other type

of rejector.
Experiments at high and variable counting rate

The ability of any pulse pile-up rejector to recognise pile-up depends

on the timing characteristics of the detector. Therefore several Ge(Li) de- '

tec tors with widely differing pulse rise time spread were used for testing

the circuitry • •

- ORTEC low energy photon detector of 1 cm x 3 mm . .
3

- ORTEC true coaxial detector of 35 cm
3

- Canberra single open ended detector of 45 cm .

Every detector was used with a preamplifier from the вате manufacturer

as the detector.

A Canberra 1413 amplifier was used at shaping time constants of 2 usec together

with an Intertechnique analyzer consisting of а С -44B 100 MHz ADC and

Didac SA 44 4000 channel memory. A HC-20 clock equally from Intertechnique

was used for the dead time correction. As previously stated a Canberra 1464

pulse pile-up rejector-baseline restorer was interfaced to the multichannel

analyser together with the dead time stabilization circuit.

Fig. 1 shows that peak parameters (FWHM low energy and high energy

side and peak centroid) remain unaffected up to counting rates of 20. 000 cps.
test the

The following experiments were performed to-new dead time correction

circuitry at high and variable counting rate :
Oft

Experiment 1 : A Y source was placed in a fixed geometry counting

position giving a counting rate of about 2500 counts per second. Different

measurements were performed of the 898 and 1836 keV full energy peaks
137at varying counting rates of Cs. The total input counting rate thus varied

between 2500 and 20 000 counts per second. Fig. 2 shows the results of the
88

experiment. It appears that at 20 000 cps, counting losses of У amount to

1. 4%. This is to be compared with losses of 15% in normal live time opera-

tion of the spectrometer with no pile-up rejector and associated circuitry.



The 'remaining systematic error can be traced back to several causes :

First, the pile-up resolving time is typically 200 ns and gives counting

losses of 0. 4% at 20 000 cpa. Secondly, we mentionned in a previous paper

an error in dead time correction due to the finite width of the timing pulse .

.The relative systematic error introduced at 50% dead time and with the

spectrometer used may amount to 0. 5%. Moreover, it becomes very diffi-

cult to subtract the background from the full energy peak with a precision

better than 1 %. The total systematic deviation of Fig. 2 can thus at least partly

be explained,

The single open ended detector resulted in similar but slightly worse re-

sults (2% deviation at 20 000 counts per second). Due to the low detection ef-

ficiency of the small LEPD, the experiment could not be directly repeated
, • 2 4 1

with this detector. The 59. 54 keV Am radiation was followed in this case
57as a function of the total counting rate of Co, The results with this detector

are surprisingly good as appears from Fig. 3. Note the counting lesses'in the

case of a conventional five time counting when used with the pile-up rejector

(10 % losses at 10 000 counts pe • second).

Experiment 2 : To specifically test the dead time stabilization equipment
241

Am was measured at different integral counting rates ranging from 5 000

to 15 000 counts per second. Several measurements were performed at dif-

feient fixed dead time settings. As long as the preset dead time is higher than

the real total dead time of the spectrometer, the measured full energy peak

counting rate shouid be constant. The results of a measurement at 7 30p,

10 600 and 14 000 counts/sec are shown in Fig, 4. It appears that the circuit

functions correctly if the preset dead time is just slighter higher than the

true dead time of the spectrometer. Similar but considerably more accurate

results were also obtained by using a random fixed amplitude pulse generator

fed directly to the input of the ADC,

Experiment 3 : A stringent test of the spectrometer accuracy can be based

on the periodic measurement of short-lived radioisotopes with accurately

known half-life. In and F were used here because of their suitable

and accurately known half-lives of 54. 0 min and 109. 8 min respectively.

Both radioisotopes were measured periodically over a half-life time interval

starting from an integral counting rate of about 20 000 eps and at a fixed dead
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time of 60%. The results of ..the measurements for the single open ended

detector ar© tai in Fig. 5, The experimentally measured full energy peak

counting rate is compared with the one calculated assuming a half-life of

54.0" min for n iIn and 110.28 min for 1 8 F . The latter value was chosen

instead of the often adopted value of 109. 8 min because repeated least

squares analysis on decay data for this isotope consistently led back to a

value around 110. 3 min. Adoption of the lower value, however, would have

resulted in a deviation at the highest counting rate of Fig. 5 of 1-1. 5%, The

full energy peak activities used for m In are the sum of the intense peaks

at 417, 1097 and 1293 keV. The data for "^In in Fig. 5 ave supplemented

with a eeriee of decay measurements using a conventional live time counting

arrangment for comparison purposes.

Experiment 4 : Synthetic samples were prepared by mixing accurately

weighed amounts of aluminium oxyde, titanium metal eponge, magnesium

carbonate and sodium chloride. The mixtures were analysed by neutron aeti-
11vation analysis for Al, Ti, Mg and Cl using an irradiation of 5 min in a 10

neutrons cm ' . sec" neutron flux and a measurement for 20 min after a decay

period of 5 min. A copper wire flux monitor was used to correct for deviations

of the neutron flux and as standards small amounts of the above xnentionned

reagents were used. It was insured that the total dead time ranged between 30

and 50% for the samples whereas it was lower than 10% for the standards.

Fixed dead time presettings were 55% for the samples and 15% £or the stan-

dards. The results of duplicate determinations are shown in Table 1. No

systematic deviation between the amount present and the amount found appears

from the results. It should be noted that the activation analysis procedure itself

gives rise to a 2 - 3% random error.

DISCUSSION

The experiments described are only a fraction of the tests performed

with .the equipment. It is shown that the minor modification» to the rejector

and the incorporation of a relatively easily built dead time stabilisation cir-

cuit allow the compensation of virtually all counting losses in the entire pulse

processing and analysing system up to counting rates well exceeding 20 000

cps.
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Activation analysis of

Present
A! Pound

Deviation

1 2

4.23 4.84

4'. 27 4'.71
+1'.0# -2'. 455

Л1, Si,

3

4'. 42
?<
4'.33

-1.955

?%, Cl

4

4
#
.S7

4'.78

-1*755

•

5

' 5.30

4'.94*

-7.055

Present 12.68 13.40 12'.30 15.45 13'.62
EL Pound 12'. 50 13.60 12.42 1Г.70 13*. 54*

Deviation -1.4^ +1'.55S +1'.O0 +Г.70 - 0 6 £

Present 12.37 12.42 11.12 12.51 12.01
Mg Pound 12'.75* 12.07* 10.64* 12'.68* 12.42*

Deviation +3.1f» —5-Ojfi -4.355 +1l.355 +3-455

Present 15.95 12'089 14.42 13.03 17.67
Cl Pound 16.03 12Л2 14.25 12.85 17.19*

Deviation +0.5/5 -1.2# - 1 . 1 ^ -1.45$ -2.75»

'* single determinations
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Fig. 1 FWHM and peak eentreid as a function of counting rate
' 9Л.А

(59. 54 Am and low energy photon detector).

nn
Fig. 2 898 KeV and 1836 KeV Y full energy peak intensity as a

137
function of the increasing counting rate of Cs (true coaxial

detector). , .

Fig. 3 Full energy p '- intensity at 59. 54 KeV Am as a function
57

of the total coun • rate of Co (low energy photon detector).

241
Fig. 4 Deviation of the 59. 54 KeV Am full energy peak intensity

as a function of fixed dead time setting (low energy photon

detector).

Fig, 5 Comparison of measured and calculated full energy peak inten-

= 110.28 min for 1 8 Fsity based on annihilation radiation and T, /-

and the sum of 417, 1097 and 1293 KeV full energy peaks and

1/2
Т., л» = 54. 00 min for ""in (single open ended detector)
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