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Report on some experiments carried out

with the 47 B-y coincidence counting equipment of BIPM

by X.Z. Wu, C. Veyradier, C, Colas, P. Bréonce and A, Rytz

A. Measurement of the y efficiency of two 4T proportional counters

1. Introductory remarks and theoretical background

The sensitivity to y rays of so-called pillbox proportional counters has been
measured in the past by several authors [] to 5] . The partial disagreement of
their results reflects the differences which may exist between individual counters
and the difficulties of such measurements,
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In what follows we present results obtained with two 4 proportional counters
of similar shape but different dimensions. Both counters were built so as to allow
three different anode lengths and three different diameters of the inserts coaxial
with the anode. However, the limited time did not permit to vary these parameters,

The method applied was the one described in [2] in which several suitable
B-y emitting nuclides, i.e. with simple decay schemes and sufficiently low B end-
point energy with respect to the energy of the associated photons, were used,

The activity N, of a source is calculated according fo the equation
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where Ng, Ny and N are the observed count rates in the B, ¥ and coincidence
channels, respectively, corrected for dead time, background and accidental
coincidences,

65 is the efficiency of the proportional counter o B rays,

5), " ! Y counter to Y rays,

£py
& . is the probability of obtaining a coincidence without detection of a B particle.

! " proportional counter to y rays,



The[a parent disintegration rate NBN)//NC was calculated by means of equation 4
in 63

If the y channel is set so as to accept only the (highest) photoelectric peak,
we have, since EC/EY <<£[3)/’
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The parameter £g & N_/N, can be varied, for instance by covering the source
with absorber foils. If a sufficient range for €g can be obtained without altering EBY ’
the quantity NgN /N varies linearly versus (1- €g )/€g with slope N, €3,
and intercept N

The number of radionuclides which can be used for the measurement of 6
is limited by considerations of decay scheme and availability. We have chosen t¥1e
nuclides indicated in Table 1 which were purchased from LMRI (Saclay).

Table 1 - Radionuclides used for measuring 66)’
H
Nuclide  Half-life  Principal y energy  Results shown Number of sources

(d) (keV) in Figs. no. measured
7Be 53 478 - 4
3 Mn 312 835 3,4 20
80cs 1925 1332 1,2 28
8y 107 1836 5,6 20
PNb 35 766 777 7.8 25

2. Experimental procedures

The two proportional flow counters were made of aluminium and had anode
lengths of 35 and 120 mm, respectively. Methane or argon/methane (9: 1) waos
used as counting gos.

The sources were prepared following the technique in current use at BIPM
which includes weighing of the drops of solution dispensed. Thus accurate activity
ratios were known for the sources of each radionuclide.



The B efficiency of each counter was reduced in steps by covering the sources
with gold-coated VYNS films or thin aluminium foils. Efficiency functions could
thus be determined either with a single source used with absorbers of gradually
increasing thickness or with a set of sources which were covered with dabsorbers
of different thicknesses. The latter method allowed the two counters to be compared
more closely, by means of the same set of sources.

The results of these measurements are presented in Figs. 1 to 8. In the case
of “Be &g, could be obtained directly by observing the count rate divided by
the y-emission rate which was derived from the activity concentration as indicated
in the certificate of LMRI. The sources were sandwiched between gold-coated
VYNS films which prevented the very soft Auger electrons (=45 eV) from being
counted,

3. Discussion of the results

The values for &, obtained with the two counters are summarized in Table 2
and Fig. 9. The very high values for ?5Nb may be ascribed to a deterioration of
the source mounts due to the high activity of this solution, They are not shown
in Fig. 9 and should probably be discarded.

!
Toble 2 - Results of the measurements of €., the y efficiency of the B detector
(values are given in %)

Nuclide This work Willioms+Campion  Merritt and Taylor
small counter large counter [2] [3]

"Be 0.12+0.01 0.15+0.01  0.25+0.02 0.15 + 0.01

MMn  0.37+0.08 0.47+0.08  *0.41+0.04 0.21+0.03

0co  0.44+0.01 0.65+0.04 _ _ 0.44+0.02 0.40+0.09

BBy  0.5140.05 0.5+0.05  0.51+0,03 0.38 +0.02

Nb 0.60+0.04 0.68+0.08  0.34+0.03 0.16+0.10

* impurity suspected

The results of a further experiment, shown in Fig. 10, were obtained by measuring
four sources in the large counter and by using either one or the other half-counter,
or both as usual (two sources only), The close agreement with the corresponding value
in Table 2 suggests that this method may be employed for a rapid check of EBY
when the sources available are thin enough. ’



From Table 2 it is seen that the large counter has always a higher €5 value
than the small one. This difference which is significant except for 88Y may be due
to the increased sensitive volume of the large counter, It will be noted that most
of the values of £ y for the small counter are in fair agreement with those determined
by Willioms and C%mpion [2] .

e 0 .
Activity measurements of 6 Co sources at high count rates

1. Measurements carried out with zero mean delay between correlated B and y pulses

In 1975/76 a high-count rate experiment using 60Co sources was organised
by NPL as an international comparison on behalf of BIPM [7] . The results obtained
showed clearly that accurate measurements call for improved coincidence formulae
and removal of (or appropriate correction for) a mean delay between correlated B
and y pulses, as soon as higher count rates are involved,

We describe here an experiment in which a set of thirteen 60Co sources waos
measured under conditions granting the best attainable delay matching. Source
activities ranged from 6 to 180 kBq. Their ratios were accurately known from the drop
masses dispensed,

/
The time distribution of the y pulses with respect to the B pulses was recorded
by means of the circuit shown in Fig. 11, Typical distributions obtained with sources
of ©0Co and of 4Mn are presented in Figs. 12 and 13, respectively.

Let Y, be the number of counts registered in the rth channel of the multichannel
analyzer, The channel number x of the centroid of the distribution between channel
numbers r = nj and ny is given by

"2 "2
X = (ZrYr)/(ZYr).

] 1

The conversion of channel numbers to time delay was found by replacing the B channel
by a pulse generator set at 1 kHz. The width of the rectangular distribution thus
obtained was adjusted to cover 100 channels. Therefore, one channel corresponded

to a delay of 10 ns. After determining the position x of the centroid, the switch
shown in Fig. 11 was set to position 2 permitting to start the fime-to—amplitude
converter (TAC) by a B pulse and to stop it by the same pulse, after a delay &

This delay was changed until all the pulses registered fell into the channel x.

This adjustment could be done with a precision of much less than one channel width,
[t differed according to the nuclide and its activity. Moreover, it had to be checked
and corrected from time to time,

N



The procedure described above does not take into account distortions of
the distribution by accidental coincidencei. The adjustable delay § was therefore
corrected by adding A = 2(1 -EY) Ng X5 1 where Xq may be approximated,

according fo [7] , by one quarter of the width of the distribution.

The results of the measurements carried out under conditions of optimal delay
matching are presented in Fig. 14, It can be seen that, up to 110 kBq, there was
excellent agreement between the measured and the expected values. For higher
count rates the measured activities were high by about 0.4 %% which is still very
satisfactory, considering the fact that the dead-time corrections amounted to more

than 50 %o,

2, Effects of delay mismatch

Measurements were taken with a weak (7.6 kBq) and a strong (78 kBq) source
of 80Co. For each source the delay & was varied in steps until the calculated activity
started to deviate strongly from the value at § = 0 (see Fig. 15). In each case
the activity N, was calculated using three different formulae.

a) Campion's formula [:]:l
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where

Né , N'Y ,‘ N'C are the observed count rates in the respective channels,
N B’ NY , No are the corresponding rates corrected for background,
'Cﬁ ’ “CY are the dead times of the respective channels,

T is the shorter of 'CB or '[:Y ,

”Cr is the coincidence resolving time.

b) Smith's formula [:8] for 'CB = ’CY =T
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where

hé=hﬁ+5, h'Y=hy-5,

hB ond hY being the resolving times in the respective channels,

& is the mean delay,



N"=N' - (hy + h') NLN' -B ,
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I\lB , NY ; Nc are count rates corrected for background and dead time,

B,, B , B are the background rates.
B' v e
c) For § =0 the Smith formula becomes identical with the formula of Cox and Isham [9] .

For a count rate of about 8 000 s—] the resulting activity value was found to be
practically independent of delay when using Smith's formula and nearly so with
Campion's formula, It should be added that Smith's formula is valid only for 181 < h,

However, with sources ten times sironger, the behavior is quite different
(see Fig. 15). As the formulae by Compion and by Cox and Isham both assume
a zero delay, there is a poor agreement with their predictions. On the other hand,
our results indicate that Smith's formula correctly takes into account the effect
of delay mismatch, The small residual variation may be due to time jitter,
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Figure 1 - y sensitivity of the small counter for 60Co; £BY

= slope/intercept of the least-squares adjusted straight line, CHy.
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‘Figure 2 - EBY of the large counter for 60Co, quadratic adjustment, CHy.
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Figure 3 - EBY of the small counter for 5ArMn, linear adjustment, Ar/CH4 (9:1).
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Figure 4 - £BY of the large counter for 54Mn, linear adjustment, Ar/CH4.
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Figure 5 - £BY of the small counter for 88Y, linear adjustment, Ar/CH4.
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F.igure 6 - £BY of the large counter for 88Y, linear adjustment, Ar/CH4.
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Figure 7 - EBY of the small counter for 95Nb, linear adjustment, CH
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Figure 8 - EBY of the large counter for 95Nb, linear adjustment, CH4.
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Figure 9 ~ Graphical representation of the results for £BY obtained with the two counters, using five different nuclides,
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Figure 10 - Measurement of EBY of the large counter (4 sources of 60Co); EB was varied

by using either one half-counter or both halves in parallel.
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Figure 11 - Block diagram of the circuit for determining the Time distribution of the y pulses with respect
to the correlated B pulses, TAC = time-to-amplitude converter,
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Figure 12 - Time distribution of the y pulses with respect to the correlated

B pulses for a 60¢o source.



19

A fi (number of counts/channel)

0
\
il AN
",. q,.‘i;;...:':a.;-;,-;:g;-_.,w% 5
4.'.o. Seiltgy.,,,
delay time
(10 ns/channel)

Figure 13 - Time distribution of the y pulses with respect to the correlated B pulses
for a %4Mn source. The curve on the left was obtained with an anode

voltage of 3 800 V, that on the right with 3 700 V, in CHy.
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Figure 14 - Results of a high-count-rate experiment with 60Co sources.
A= relative difference of measured and expected values.
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Figure 15 - Results of activity calculations from measurements of a strong 60Co source,
using different values of the delay § .
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