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Abstract

Methods for the evaluation of the accidental coincidences counting rates in Triple-to-
Double Coincidences Ratio (TDCR) Liquid Scintillation (LS) measurements have been
proposed recently. This study shows how these corrections can be extended to two
detector systems, such as commercial LS counters, or four-detector systems used for the
Compton Source Efficiency Tracing (CSET) method. The significance of performing
corrections for accidental coincidences in low-activity LS counting or TDCR
measurements is demonstrated. The impact of accidental coincidences on the

determination of half-life of radioisotopes is also shown.
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Introduction

The aim of this paper is to present experimental results that highlight the significance of
the contribution of the accidental coincidences in different types of liquid scintillation
counting measurements. Liquid scintillation counting (LSC) is a technique used for the
measurement of the activity of radionuclides both in the case of low activities (e.g., **C
dating, environmental survey, marine studies etc.) and for high activities (measurement of
medical radionuclides, etc.) [1]. LSC is generally performed with instruments equipped
with two or more photomultiplier tubes (PMTs) connected to coincidence counting
circuits. Whenever a coincidence circuit is employed there exists the possibility for two
or more unrelated events to occur within the same coincidence window, thus resulting in
an accidental coincidence. The theoretical basis for the evaluation of the corrections for
accidental coincidences in a LSC system with three PMTs was recently shown in [2]. In
this paper the corrections are expanded also to two-detector and four-detector systems.
The effects of the accidental coincidences on the measurement of half-lives of
radioisotopes, in the case of low-level liquid scintillation counting measurements and in

Compton Triple-to-Double Coincidences Ratio (C-TDCR) measurements are shown.

To our knowledge there is are no established procedures for corrections for accidental
coincidences in LSC measurements with commercial devices, two-PMT systems in

general and C-TDCR measurements.

Theory

An accidental coincidence occurs when two or more unrelated events are recorded within
the same coincidence resolving time (also called ‘coincidence window’). By event, it is
meant all detected signals that may come from scintillation photons caused by radioactive
decay in the sample, from photons caused by interactions of ionizing radiation coming
outside the sample (background), from sporadic thermal noise of the photocathode of the
PMT, and from electronic noise.
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The theoretical basis of the evaluation of the corrections for accidental coincidences is
given in [2]. There, analytical equations were proposed to evaluate the counting rate of
accidental coincidences in a three PMT liquid scintillation counter. The proposed
equations can be easily applied also to a two PMT system by fixing the counting rate of
the third PMT in the equations to zero. Thus, for a two PMT system with PMTs A and B

the accidental coincidences counting rate a,z can be evaluated as:
Pa =Ny —Myp
bp =MNp —MNyp D
aap = [2papp + (P4 + DPB)DAE]T,
where T is the coincidence resolving time, ny, ng and nyp are the counting rates in the
single and coincident channels as reported by the detector. The counting rates p, and

pgare the ‘pure’ single counting rates, meaning the counting rates for events that are

single events and are not part of a coincidence.

Examining equation (1) there are two terms that constitute the accidental coincidences in
a two-PMT system: coincidence between unrelated events in the two PMTs or a single
event in any PMT followed by a true coincidence within the same coincidence window.
Both terms in the equation depend on the single event counting rates p,and pg. There are
two sources of single events that can be distinguished. One are single events that result
from low-energy interactions in the scintillation cocktail and the other is single events
that come from the PMT dark noise. For measurements where the activity of the source is
low, the predominant source of single events would be the dark noise of the PMT.
Therefore, in low-activity measurements, the contribution of the accidental coincidences
will be determined from the characteristics of the PMTs. This will also be the case for

measurements of blank samples in low-background environments.

After the calculation of the counting rate of the accidental coincidences a,g, the

corrected counting rate myp is calculated as myp = nyp — aup.

Experimental
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Accidental coincidences in the measurement of half-lives of
radionuclides

The half-live of ®F was studied in this experiment by following the evolution of the
activity with time. This measurement was performed with a miniature portable TDCR
counter. A sample was prepared with 1 mL of radioactive solution ready for injection to a
patient (FDG) and dissolved in 10 mL of Ultima Gold LS-cocktail in a glass vial. During
this measurement, the counting rates evolves from about 430 000 s™ to about 160 s™. The
main objective of this study is not the precise determination of the half-life which could
be used in decay data evaluation, but to illustrate the effect that accidental coincidences

could have.

Accidental coincidences in low-level TDCR measurements

Low-level LSC measurements are commonly used for environmental survey purpose and
for mandatory monitoring around nuclear activities. These low-level measurements are
performed with LSC systems that need to be calibrated with standards of known
activities. The activity of the standard sample can be determined using the TDCR method
but generally, the activity of the standard is higher than the targeted measurement. Thus,
the non-linearity of the detectors may have an impact on the results and, in some case,
close to environmental level standards are required for detector calibration. Another case
where low-level TDCR measurements can be necessary is for the standardization of some
rare nuclides for which it is difficult to have sufficient amount of activity. For low-level
measurements, the background is significant compared to the signal from the sample and
the contribution of the accidental coincidences to the background counting rates can

propagate to the final results through the background correction.

In this experiment we have performed measurements of the pure electron capture (EC)
nuclide, **Mn and of the alpha nuclide, ?*>Po (99.55% alpha emissions and 0.45% EC).
The measurements of the >*Mn sample were performed on a miniature portable micro-
TDCR counter inside a low background shielding (10 cm of low-level lead, 2 mm of

cadmium, 2 mm of tin). The counting rate in the logical sum of double coincidences (D)
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of the blank sample was about 2.15 s™ compared to the usually observed 10 s™ without
shielding. The ?*Po solution is dissolved in 10 ml of Ultima Gold AB cocktail in a
polyethylene PTFE coated vial. This sample was measured on the same micro-TDCR
counter, but without the low-level shielding.

Correction for accidental coincidences in C-TDCR measurements

In LSC, the primary method that is used for standardization is the TDCR method [3]. The
method relies on the correct description of the non-linearity of the light output of the
scintillator. Instead of using a traditional semi-empirical relation (the Birks equation [4]),
this non-linearity can be directly measured by coupling the TDCR detector to a Compton
spectrometer (C-TDCR). A virtual source is created internally in the LS cocktail from an
external monoenergetic photon source directed at the vial containing the sample [5, 6].
Some of the photons would experience Compton scattering and some of those scattered
photons would be detected by the Compton spectrometer. By gating on a certain energy
of the Compton scattered photons one can select a certain energy of the Compton
electrons in the cocktail. Then, the light output of the cocktail can be calculated from the
LS detector using the TDCR method and the energy of the electron causing the
scintillation burst can be deduced from the Compton spectrometer and the energy balance

of the Compton effect.

One drawback of the C-TDCR methodology is the relatively low detection efficiency of
the gamma channel compared to the TDCR channel. This is caused mainly by the
difficulty in obtaining high geometrical efficiency of the gamma channel as it requires the
use of multiple detectors to cover significant portion of the 4z space. In general, the result
of this drawback is that a high counting rate is needed in the PMT channels in order to
obtain a reasonable counting rate in the gamma channel. The low detection efficiency in
combination with high single counting rates can lead to significant contribution of

accidental coincidences.

The theoretical calculation of the accidental coincidences in a three PMTs counter has

been derived in [1]. In principle, the same derivation methodology should be applicable
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to a four detectors system as the C-TDCR. In the four detectors system however, there
are four single channels, six double coincidence channels, four triple coincidence
channels and one quadruple coincidence channel. An analytical equation that accounts for
all possible sources of accidental coincidences would be unwieldy and difficult to use in
practice. Here we consider another simpler approach that is based on the experimental
evaluation of the accidental coincidences again proposed in [1]. The technique relies on

the possibility to perform measurements with large coincidence windows (> 2000 ns).

The method consists of performing simultaneous measurements using three coincidence
window widths: 1. the coincidence window of interest (e.g., 40 ns or 200 ns), 2000 ns and
2500 ns. Under the assumption of a uniform time distribution of the accidental
coincidences in the time interval of interest it is possible to estimate them from the
difference in the counting rates in the 2500 ns and 2000 ns coincidence windows.
Another assumption that is made is that at 2000 ns coincidence window width all true
coincidences are registered, thus all additional coincidences in a given coincidence
channel (ABC, ABG, BCG, etc.) in the 2500 ns are accidental coincidences. The method
is schematically illustrated in Fig. 1.

True coincidences

Accidental coincidences

I
1
I
1
I
I
1
I
I
I
I
I
I
I
T
i
1

T t T -
Coincidence 2000 ns 2500 ns t
window

Figure 1 Schematic illustration of the method for correction of accidental coincidences in
a four detectors system. The portion of the time interval distribution between 2000 ns and

2500 ns is used to estimate the plateau of the accidental coincidences.
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The assumption for the uniform distribution of the accidental coincidences should be
applicable to common measurement scenarios. If it can be assumed that the uncorrelated
events that constitute the accidental coincidences are a Poisson process, then the time
interval between them is exponentially distributed [1]:

a(t) = age ™,

where a(t) is the distribution of accidental coincidences, a,is the rate of the accidental
coincidences at time t = 0 and A is the rate of detected events in the coincidence channel.
In the case of C-TDCR measurements the coincidence counting rates are less than 10° s*
and the coincidence window is less than 2500 ns. Thus, the argument of the exponent will
be less than 2.5 x 10 If the exponential distribution is approximated with the linear

terms in the Taylor series, the result is:
a(t) = ay(1 — At).

Therefore, the deviation from the uniform distribution a(t) = a, is negligible and this

assumption should be valid.

The second assumption of the method is that there are no true coincidences that can be
observed for which the separation between the single events is larger than 2000 ns. That
is, the scintillation photons that result from one ionizing particle in the sample are
grouped in time such that no photon can be emitted after more than 2000 ns after the
excitation from the ionizing particle. As organic scintillators and PMTs are fast detector
systems this is generally true. It has been shown that 1000 — 1500 ns are enough to
capture even photons coming from the delayed fluorescence of the scintillator [7, 8].

Results and discussion

Accidental coincidences and studies of half-lives

In total 72 consecutive 100 s long measurements were performed on the *®F sample on

the miniature TDCR detector. The detection efficiency for this nuclide is relatively high
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and is around 99.7%, therefore a large contribution of the accidental coincidences is not
expected. A blank sample containing no radioactivity was also measured 64 times for
1000 s. The coincidence window for both sample and blank measurements is 40 ns and
the base dead-time duration is 10 us. For the studies of the decay curves with corrected
counting rates, both the blank and source measurements were corrected for accidental

coincidences.

The use of a three-PMT counter allows the study of the decay curve of the logical sum of
the double coincidences (D) and also on the triple coincidences (T). The results of the
study are shown in Figure 2. The left figure presents the decay curve following the D
coincidences and the right figure the decay curve following the T coincidences. The
difference between the corrected and uncorrected counting rates are shown on the bottom
plots in percent.

T T
F-18, corrected for accidental coincidences ©
F-18, uncorrected for accidental coincidences =
After correction: Half-life: 1.82854(14)h — o
Before correction: Half-life: 1.82780(15) h — E

T T
F-18, corrected for accidental coincidences ©
F-18, uncorrected for accidental coincidences = F
After correction: Half-life: 1.82846(16) h — 3 10° E
Before correction: Half-life: 1.82810(16) h — E r

D counting rate
T counting rate

10

101 [ 1 1 1 1 ] 101 L 1 1 1 1
0.30 T T T T 0.30 T T T T
o Difference between corrected and uncorrected counting rates ©

025 - o - 0.25 - -
e 020 ° B w 0201 -
g K g °
g 015 % ’ 4 g 015 9 4
o °, 3

0.10 |- %, - 0.10 - T, b

: Ty
0.05 |- %%W E 005 |- Mm%m i

Difference between corrected and uncorrected counting rates © oo
0.00 1 1 1 1 0.00 1 1 1 1

Time since first measurement, h Time since first measurement, h

Figure 2 Study of the half-life of ®F. The decay curve in the left figure is taken from the
D counting rate in the TDCR counter and from the T counting rate in the right figure. The
bottom subplots show the difference between the corrected and uncorrected counting

rates. The values in brackets are the fit uncertainties.

There are some interesting observations that can be made from the presented figures.

Firstly, the accidental coincidences in the D and T channels behave differently. For large
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counting rates they are both dominated by accidental coincidences between single and
double events caused by *®F decays and their contribution to the respective channels are
roughly the same. At low counting rates, however, the accidental coincidences are
dominated by single events coming from thermal noise of the PMTs. The probability for
triple accidental coincidences in a scenario with mostly single events is negligible and the
contribution of the accidentals in that case is close to zero. For the D channel the
contribution of the accidental coincidences increases significantly and is even larger than
in the case of 430 000 s™ counting rate. A second observation is that, for both the T and
D decay curves, the difference between the obtained half-life for corrected and
uncorrected counting rates is larger than the fit uncertainties. This shows that even for a
very high detection efficiency sample such as '°F it is necessary to perform corrections
for accidental coincidences when studying the half-life.

A more comprehensive evaluation of the half-life of ®F is outside the scope of this paper

and will be given elsewhere.

This study serves to illustrate that in some cases the accidental coincidences can be more
significant at low counting rates than at extremely high counting rates.

Accidental coincidences in low-level TDCR measurements

In this experiment we have performed TDCR measurements of samples containing >*Mn
and 2®Po. The results from the experiment are presented in Table 1. The coincidence
counting rates in the measurements of the radioactive samples are those after subtraction
of the counting rates of the blank sample. The **Mn source was measured with 200 ns
coincidence window width. The ?®Po source was measured simultaneously with 40 ns

and 400 ns coincidence windows using the nanoTDCR device [9].
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Coinc. Counting rate
Source | \indow AB D ABC
No correction 40.590(20) 82.514(27) 18.900(15)
Mn-53 (EC) 200 |After correction 40.553(20) 82.423(27) 18.889(15)
Difference -0.09% -0.11% -0.06%
No correction 1.646(4) 2.158(5) 1.415(4)
Blank 200 |After correction 1.640(4) 2.136(5) 1.415(4)
Difference -0.38% -1.01% 0.00%
No correction 9.388(25) 9.785(27) 9.216(25)
'(3;?;%’ 40  [After correction | 9.369(25) | 9.726(26) | 9.217(25)
Difference -0.20% -0.60% 0.01%
No correction 9.506(8) 10.466(9) 8.958(8)
Blank 40 After correction 9.420(8) 10.305(9) 8.958(8)
Difference -0.90% -1.53% 0.00%
No correction 9.160(40) 9.206(62) 9.163(24)
E’acl’;g)’ 400 |After correction | 9.350(25) | 9.797(27) | 9.157(24)
Difference 2.08% 6.42% -0.06%
No correction 10.463(13) 12.075(23) 9.152(8)
Blank 400 |After correction 9.606(7) 10.474(9) 9.152(8)
Difference -8.20% -13.26% 0.00%

Table 1 Low-level measurements of >*Mn and “®Po before and after corrections for
accidental coincidences. The BC and AC counting rates are omitted as the results are
similar to the AB counting rate. The values in brackets are the statistical standard
uncertainties calculated as the standard deviation of the mean from ten consecutive

measurements of the same sample in the same measurement conditions.

A few observations can be made from the results in Table 1. In all measured blank
samples, the contribution of the accidental coincidences is significant in the double and
logical sum of double coincidences counting rates. In all cases the accidental
coincidences in the ABC channel are negligible. This is most probably caused by the low
double coincidences counting rates leading to low probabilities of accidental
coincidences. Note here that the accidental coincidences in the ABC channel depend on
the double coincidences counting rates because of possible detection of unrelated events
in the same window such as: for example, unrelated AB and C events leading to a false
ABC but also unrelated AB and BC events leading to a false ABC and other such

combinations.
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Thus the higher the double counting rates, the larger the probability for ABC accidental

coincidences.

It should also be noted that for **Po measurements the counting rates in the double
coincidences channels decrease after subtracting the accidental coincidences in both the
blank sample and the radioactive sample. This is due to the high relative contribution of
the accidental coincidences in the blank sample that leads to overestimated blank
counting rates before the correction. Comparing the net (background corrected) logical
sum of double coincidences (D) counting rates of the two ?**Po measurements it can be
seen that there is a 5.9% difference between the uncorrected results at 40 ns (9.785 cps)
and 400 ns (9.206 cps) coincidence window width. After applying corrections for
accidental coincidences the D counting rates become 9.797 s™ at 400 ns coincidence
window and 9.726 s at 40 ns coicidence window. Thus the difference between the two
measurements is reduced to 0.73% after the accidental coincidences correction. Note that
this difference could be due to the general increase in the coincidence counting rates that
is observed in LSC measurements with increase in the coincidence window width in the
case of low-energy emissions [8]. Low-energy emissions that can be detected due to the
decay of 2®Po are the X radiations after the EC (probability for EC 0.454%) and the
emissions from the 2.239 keV level of 2®Pb that is populated after the alpha decay of
2%9pq [10]. The latter can be observed independently of the alpha decay due to the 24.2 s
half-life of the excited state.

These experiments highlight the importance of applying the corrections for accidental
coincidences not only for TDCR measurements of high-activity sources, but also in low-

level measurements.

Correction for accidental coincidences in C-TDCR measurements

In order to illustrate the importance of the correction for accidental coincidences in
C-TDCR measurements we have performed measurements of the relative light output of
an Ultima Gold scintillation cocktail. The measurements were performed with a

miniature portable TDCR detector system coupled to a CdTe X-Ray detector. The
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external source is 74 MBq **Am in a steel casing, which provides filtering of the low-
energy emissions. Thus, practically all emissions from the source are from the 59.54 keV
line of excited level of ?’Np. The three PMTs of the TDCR counter and the CdTe are
connected directly to a CAEN 5751 Desktop Digitizer which digitizes all incoming
signals and writes them into list-mode files. These files are later analyzed by a computer
software that applies the common dead-time logic [11, 12]. Thus, with this setup it is

possible to analyze the same measurement with an arbitrary coincidence window width.

Using this experimental setup, a single 72-hour measurement of the Ultima Gold sample
was performed. The list-mode data from the measurement was analysed with 40 ns,
200 ns, 800 ns, 2000 ns and 2500 ns coincidence window width. The latter two are used

to estimate the accidental coincidences. The accidental coincidences per nanosecond of

resolving time A(()X) in a given coincidence channel X are calculated as the difference
between coincidence counting rates n in the channel at 2500 ns and 2000 ns coincidence

window. The accidental coincidences counting rate a® for the coincidence window of

interest 7 are then obtained as a™® = Ag")r, where t = 40, 200 or 800.

The results of the measurement without and with corrections for accidental coincidences
are shown in Fig. 3. Several observations can be made from the presented figures. First,
besides the dependence on the coincidence window width, the contribution of the
accidental coincidences also largely depends on the deposited energy in the cocktail. For
lower energies, the contribution increases and the increase is non-linear. This is caused
by the significant reduction in detection efficiency with lower deposited energies which
leads to an increase in the ratio of the single events to the detected coincidences. Second,
the three measurements agree well with each other when the corrections for accidental
coincidences are applied. Some small difference between the long coincidence windows
200 ns and 800 ns and the short 40 ns coincidence window remains even after the
corrections. This effect is expected as for the 40 ns coincidence window a loss of

coincidences is already observed [7, 12, 13].
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Without correction for accidental coincidences Corrected for accidental coincidences

El
L

Number of photoelectrons
Number of photoelectrons

40ns noacc
b 200ns noacc
}  200ns noacc 0.0

Normalized residuals
=
Normalized residuals
=]

"""" T T T T T T T T
T T T T T T T T 0 1 2 3 4 5 6 7 8
o 1 2 3 4 5 6 7 8 Deposited energy, keV
Deposited energy, keV

Figure 3 Average number of photoelectrons produced at the photocathodes of the PMTs
as a function of the energy deposited in the scintillation cocktail. The black line shows a
fit of the data from the 40 ns coincidence window with Birks’ formula for the non-

linearity of organic scintillators.

Overall, the accidental coincidences are quite significant for the C-TDCR measurements,
and especially so for low detection efficiencies. For example, the correction is 3.4% at
3 keV deposited energy at 200 ns coincidence window. It is 0.4% at 40 ns coincidence
window and 12.4% at 800 ns coincidence window. For higher energies (higher detection

efficiency) the contribution drops to 0.2% at 7 keV (40 ns) and 0.8% (200 ns).

Discussion about measurements with commercial liquid scintillation
counters

The corrections for the accidental coincidences that were proposed in [2] can be used on
all detector systems that provide information about the coincidence window width as well
as the single and coincident counting rates. Unfortunately, this is not true for the most
commonly used commercial liquid scintillation systems, e.g., Quantulus™ by
PerkinElmer™. These systems are commonly used in scenarios with low counting rates
and low detection efficiencies. Both are a prerequisite for having a significant
contribution of the accidental coincidences.

Despite the impossibility to check the exact value of the contribution of the accidental

coincidences in commercial counters it is nevertheless of interest to give estimates in



304
305
306
307
308
309
310
311
312
313
314
315
316
317

JRNC

some possible real-word cases. Here we have calculated the contribution of the accidental
coincidences for a hypothetical system with 50 ns coincidence window (CW) width that
measures samples with coincidence counting rates between 0.01 s and 1000 s™. It is
assumed that the pure single counting rate, S, , coming from the sample is 50% from the
measured double coincidence counting rate D, — such a case is typical for °H
measurements. Therefore, the measured single counting rate Sy is: S;, = S + S, = Sp +
0.5D,,, where Sy is the intrinsic dark noise of the PMT. Three cases are considered:
commonly observed dark noise of 300 s™, reduced dark noise of 100s™ and greatly
reduced dark noise of 10 s™. The latter could possibly be achieved with high signal
discrimination thresholds or cooling of the PMTs. Note that the measured single counting
rates of the two PMTs are assumed to be the same, i. e., the PMTs are assumed to be
identical. The double coincidences counting rate after the correction for accidental
coincidences D. is calculated as: Dc = Dm — a, where a is calculated according to

equation (1) substituting ny, = ng = Spand ngg = D,,.

Intrinsic dark Measured Measured Doubles rate
CW, ns noise So, 51 singles rate | doubles rate c_orrected for (Dm - Dc)/Dm
’ Sm, st Dm, st accidentals D¢, s**
50 300 300.03 0.02 0.011 45.01%
50 300 300.15 0.1 0.091 9.01%
50 300 301.5 1 0.991 0.91%
50 300 315 10 9.990 0.10%
50 300 450 100 99.984 0.02%
50 300 1800 1000 999.856 0.01%
50 100 100.015 0.01 0.009 10.00%
50 100 100.15 0.1 0.099 1.00%
50 100 101.5 1 0.999 0.10%
50 100 115 10 9.999 0.01%
50 100 250 100 99.996 0.00%
50 100 1600 1000 999.904 0.01%
50 10 10.015 0.01 0.010 0.10%
50 10 10.15 0.1 0.100 0.01%
50 10 11.5 1 1.000 0.00%
50 10 25 10 10.000 0.00%
50 10 160 100 99.999 0.00%
50 10 1510 1000 999.923 0.01%

318 Table 2 Calculations of the contribution of accidental coincidences in a hypothetical two

319 PMT LSC system. Note that the counting rates are given in reciprocal seconds and
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commercial counters usually report counting rates in reciprocal minutes (counts per

minute or ‘cpm’).

The results of this hypothetical experiment are presented in Table 2. Note that for
extremely low counting rates (< 0.1 s™%) the contribution of the accidental coincidences is
significant in the discussed cases. When the PMT dark noise is reduced to 10 s the
contribution of the accidental coincidences is negligible for counting rates between 0.1 s™
and 1000 s™. For more commonly observed cases of the dark noise of the PMTs the
contribution of the accidental coincidences can be seen as significant up to 1 s or 10 s™

(60 cpm and 600 cpm respectively).

The information about the counting rates in the individual channels and the width of the
coincidence window is important and should be provided to the user even in the case of
routine LSC measurements. For example, one commercially available device that

provides this data is the nanoTDCR analyzer.

Low-level measurements with a custom two-PMT liquid scintillation
counting system

The effect of the accidental coincidences on low-level measurements can be illustrated
when using a custom-made two-PMT system with known measurement parameters. This
system was used to perform measurements of two samples of *°Po with approximately
1Bg and 60Bqg activity. The two-PMT system consists of two XP2020Q
photomultipliers tubes with quartz windows positioned inside an optical chamber at 180°
to each other. The shape of the optical chamber was designed and made at LNE-LNHB
and is covered with reflective foil (ESR by 3M™). The two PMTs are supplied with
+2100 V high voltage. Their output signals are processed using labZY nanoTDCR. The
nanoTDCR device is used here, instead of a commercial counter, because its signal
processing logic and parameters are known and user-selectable, which is not usually the
case for commercial counters. The device also allows user-selectable thresholds for both
signal inputs. The thresholds for both PMTs are set so that the electronic noise is

suppressed as much as possible without sacrificing single-photon sensitivity. The
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nanoTDCR also allows simultaneous measurements with two different coincidence
windows and two different dead-time base durations. In this experiment the two
coincidences windows were set to 40 ns and 200 ns and the dead-time base duration to
40 ps. The nanoTDCR outputs the single counting rate of each PMT and double
coincidences counting rate between PMTs with a known coincidence window and known

dead-time base duration [9].

In order to reduce the background and perform low-activity measurements the two-PMT
system was placed inside a shielded chamber. The shielding consists of 10 cm of low-
level lead, 2 mm of cadmium and 2 mm of tin. The chamber was flushed with nitrogen
before the measurements to remove radon gas present in the chamber with an average

activity concentration of 25 Bq-m™ in the laboratory.

The system was used to perform measurements on two samples of ?°Po. The results are
shown in Table 3. The value nygrefers to the double coincidences counting rate before
any corrections are done. The corrected counting rate m,gis the net counting rate after

subtracting the accidental coincidences in the case of the blank samples. In the case of the

polonium samples it is calculated as: myup = (nf,’;") — ag;")) —~ (nﬁ%l“”k) —~
(0lank)) The values in brackets are the standard uncertainties calculated as the standard

deviation of the mean taken from 10 consecutive measurements of the same sample in the

same conditions.

PMT A single[PMT B single |Before Rate of Corrected
counting counting rate, |correction accidental counting
Sample CW, ns|rate, s* st Nag, S COiNncC. aag, St [rate mag, S |(Mab - Nap)/Nab
28Pg (~1 Bg) |40 187.5(17) 645.0(91) 1.0635(47) 0.0101 1.0534(46) |[-0.95%
2%Pg (~1 Bg) [200 187.5(17) 645.0(91) 1.1064(53) 0.0508 1.0556(47) |-4.59%
2%Pg (~60 Bq) |40 304.7(96) 960(43) 63.680(98) 0.06 63.686(98) |0.01%
2%Pg (~60 Bq) |200 304.7(96) 960(43) 63.834(98) 0.028 63.862(98) 0.04%
Blank 40 200.9(94) 660.4(111) 0.5336(16) 0.0131 0.5205(16) |-2.46%
Blank 200 200.9(94) 660.4(111) 0.6201(21) 0.0657 0.5544(15) |[-10.60%

367 Table 3 Calculations of the contribution of accidental coincidences in the two PMT LSC

368
369

system for the two samples of “®Po and the blank sample used for background

correction. Note that the *®Po counting rates are background corrected and ‘before
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correction’ and ‘corrected’ refers to the correction for accidental coincidences. The same

blank measurement was used for background correction for both ®Po samples.

The measurements in Table 3 show that both PMTs are not identical and PMT B has
higher single counting rate probably due to higher intrinsic thermal noise. In the case of
the measurement of the blank sample and the 1 Bq 2®°Po sample the major contributing
factor to the accidental coincidences would be the thermal noise of the PMTs. While the
counting rate of the accidental coincidences caused by the thermal noise is very low
(0.0101 s at 40 ns coincidence window and 0.0508 s at 200 ns) it is significant
compared to the low true counting rates of the source and blank samples. The
coincidence counting rate of the 1 Bq 2°>Po sample is 0.95% lower after correction for
accidental coincidences for the 40 ns coincidence window measurement and 2.46% lower
for the 200 ns coincidence window measurement. It should also be noted that the
corrected coincidence counting rates obtained with the longer window are significantly
higher than those with the short window. This shows that some coincidences are lost if
the short 40 ns coincidence window is used. Therefore, the effect of the accidental
coincidences cannot be reduced by simply using a shorter coincidence window as this
would lead to loss of true coincidences also. In the case of the higher activity 2**Po
source, the contribution of the accidental coincidences to the background corrected

coincidence counting rate is negligible.

These experiments serve to show the importance of applying corrections for accidental
coincidences in the case of low-activity measurements. To do that, the use of a signal
processing unit that gives information about the coincidence window and the single

counting rates is mandatory.

Conclusions

These experiments highlight the importance of applying the corrections for accidental
coincidences not only for measurements of high-activity sources, but also in low-level
LSC measurements. The performed C-TDCR measurements show that the accidental

coincidences must be considered in all cases and applying corrections is mandatory if
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correct results are to be obtained. The hypothetical measurements with commercial LSC
systems indicate that the accidental coincidences can be significant in some cases.
Unfortunately, most of the commercial LSC counters are black boxes and do not allow
the estimation of the accidental coincidences due to the lack of important data such as the
coincidence window width that is used or the single PMT counting rates. LSC systems
that provide information of the single counting rates and used coincidence window width
and dead-time logic should be preferred in cases where accurate measurements are

needed.
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