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A COINCIDENCE SYSTEM FOR RADIONUCLIDE STANDARDIZATION USING SURFACE
BARRIER DETECTORS

Marina F. KOSKINAS and Mauro S. DIAS

Instituto de Pesquisas Energéticas e Nucleares (IPEN), Comissdo Nacional de Energia Nuclear — CNEN/SP, Caixa Postal 11049,
CEP 05499, Sdo Paulo, Brazil

A system for the standardization of alpha-gamma or electron-X radionuclide emitters is described. The system consists of one or
two surface barrier detectors for alpha or electron detection which are coupled to thin-window Nal(Tl) crystals suitable for
low-energy X- or gamma-ray detection. The performance of the system has been verified by the standardization of **'Am, '*'Cs and
109Cq solutions. The activity has been obtained using the extrapolation method applied to the 4w a—y and 2@ e-X coincidence
techniques. The surface barrier detection efficiency was varied by placing absorbers over the radioactive source or by changing the
source-to-detector distance. The results were compared to those obtained using conventional absolute systems based on gas-flow and
pressurized 4m proportional counters, or using radioactive solutions standardized in international comparisons sponsored by the
Bureau International des Poids et Mesures, France. The expected and measured activities agreed within the experimental

uncertainties, which were: 0.2% for 2*'Am, 0.7% for *’Cs and 0.6% for 1°°Cd.

1. Introduction

Gas-flow or pressurized proportional counters in 4x
geometry are commonly used for the absolute stan-
dardization of radionuclides, either measuring single
rates or in coincidence with some other detector, usually
a Nal(Tl) scintillator counter [1-3]. High accuracy can
be achieved in many cases by using the extrapolation
technique [4-6). However, the sample preparation re-
quires a substrate coated with a conducting material
and sources with high activity cannot be standardized
directly due to dead-time losses.

Liquid scintillator counters are widely used [7,8] and
can measure higher decay rates in comparison to pro-
portional counters. However, the sample preparation is
destructive and the standardized source cannot be used
to calibrate other relative counting systems, e.g. HPGe
or surface barrier detectors with defined geometry.
Moreover, liquid scintillators are by far more sensitive
to gamma radiation and have a higher background in
comparison to surface barrier detectors.

The present work describes an alternative absolute
counting system where the sample preparation is sim-
pler. High-activity sources can be measured, which may
be used to calibrate relative counting systems.

The absolute system consists of surface barrier detec-
tors operating in coincidence with thin-window Nal(Tl)
detectors. The performance of the system has been
verified by measuring three radionuclides of different
decay-scheme characteristics, namely: 2*Am, '*’Cs and
199Cd. The results were compared to those obtained by
conventional absolute systems or in international com-
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parisons sponsored by the BIPM (Bureau International
des Poids et Mesures, France).

2. Counting apparatus

A schematic view of the detection setup is shown in
fig. 1. One or two surface barrier detectors can be used,
either with conventional geometry (back-sided connec-
tor) or with transmission detectors. The setup allows the
variation of the source—detector distance from 0.3 to 15
mm symmetrically with respect to the source. The
Nal(Tl) detector holder has similar features and the
system can also be used with scintillators alone for y—y
or X-X coincidence measurements [9].
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Fig. 1. Schematic view of the surface-barrier—-Nal(Tl) coinci-
dence system.
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For alpha-gamma emitters a nearly 4 geometry
was achieved by employing two transmission surface
barrier detectors with 200 mm? of active area and 1000
pm depletion depth. Comparisons were made employ-
ing a single detector approaching a 2 geometry.

For electron-X-ray coincidence measurements a
single barrier detector was used in order to avoid the
attenuation of the X-ray beam striking the scintillation
counter.

The X- and gamma-rays were detected by a pair of
Nal(Tl) crystals 1 mm thick and with a 0.025 mm
aluminium window. The measured resolution of these
crystals was around 44% at an energy of 5 keV.

The electronics consisted of two counter chains with
3 us fixed dead time and a coincidence with a resolution
time of 1 us. The single counting rates were corrected
for dead time and the coincidence rate was corrected by
the Cox-~Isham formula [10].

3. Sample preparation

The sources were prepared by dropping known
aliquots of the radioactive solution on a 20 pg/cm’
thick Collodion film. This film was previously coated
with a 10 pg/cm’ gold layer in order to turn the film
conducting and make possible to measure the same
sources in a conventional 4 proportional counter. Nat-
urally, other types of source holders can be used, for
instance electrodeposited sources with metal backing
suitable for measurements of alpha emitters using a
single surface barrier detector approaching 2x« geome-
try.

A seeding agent (Cyastat SM) was used to improve
the deposit uniformity and the sources were dried by a
warm nitrogen jet [11]. The picnometer technique was
used for accurate source mass determination [12].

4. The coincidence equations

A set of equations has been developed in order to
obtain the desintegration rate for each of the three
standardized nuclides, namely >*Am, *’Cs and '®Cd.

The radionuclide *Am decays by alpha particle
emission followed by several gamma rays [13]. The
alpha particles were detected by the surface barrier
detector whereas the Nal(T1) detected the 59 keV gamma
ray in coincidence with the alpha particles.

The equations for the three alpha, gamma and coin-
cidence counting channels, N,, N, and N, are those
commonly used in the coincidence method [5]. Since the
electronic discriminator for the alpha counting channel
was set above 59 keV, the equations are greatly sim-
plified and the desintegration rate is given by

Ny = N,N,/N,.

In the case of ¥’Cs the surface barrier detector was
set to count only the K+ L + --- conversion electrons
[14]. The Nal(T1) detector was set to count the K X-rays
following the internal conversion process.

The *’Cs desintegration rate is simply given by

No=N.Nx/N Py,

where N,, Ny and N, are the electron, X-ray and
coincidence counting rates and
€ (L, M, N)

€ec (K)

Two correction factors had to be considered in the
observed counting rates. The first is the 1174 keV
beta-ray contribution in the conversion-electron count-
ing channel which was subtracted by means of a spec-
trum fitting procedure. The second is the Compton
scattering produced by the 661 keV gamma ray in the
Nal(TI) scintillator at the region of the '¥’Ba K X-rays.
This was corrected by making measurements covering
the Nal scintillator with a 1 mm thick Cu absorber.

As in the case of '¥'Cs, the surface barrier detector
was set to count the K + L + -+ - conversion electrons
and the Nal detector was set to count the K X-rays
following the internal conversion process [15].

The equations for the counting channels in the case
of 'Cd are slightly different as compared to '*’Cs
because of the contribution of K X-rays coming from
the electron capture process to the Nal scintillator
count rate. The activity is given by

_ NeNx(Pz — PJ)
o NP\ P, ’
where P,=P;+agwg/(1+a) and Py=Prwg. A
possible dependence of N; on the alpha efficiency
parameter N,/N, (or N /Ny) has been verified by
placing absorbers over the source mount or by changing

the source-to-detector distance. The value of N, was
obtained by extrapolation of N_/N, to unity.

1
Pl:al+at ay + (a,—ag)

5. Experimental results

Fig. 2 shows the behaviour of N, N, /N, as a function
of (1 - N,/N,)/(N,/N,) for *'Am. The closed circles
are experimental points obtained in a 4« geometry (two
silicon detectors), and the open circles were obtained in
a 2w geometry (one silicon detector). As expected, the
slope of the curve is zero within the experimental uncer-
tainty and the extrapolated Ny -value has been obtained
with an uncertainty of 0.1%. No difference was ob-
served between the results obtained with 47 or 2w
geometry. Therefore a single silicon detector can be
used without significant loss in the resulting accuracy.

The results of the activity value obtained within the
proposed 4m a—y-coincidence system are compared to
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Fig. 2. Extrapolation curve for **!Am desintegration-rate determination, normalized to unity for comparison between 4« and 2m
geometries.
Table 1 Table 2
Results of the standardization of 2'Am Results of the desintegration rate of a '*’Cs solution
System Specific activity System Specific activity
[kBa/gl] [kBq/g]
4w (BS) - Nal(Tl) @ 1503+ 0,3 27 BS — Nal(Tl) 6041 +4.2
44 (BS) - Nal(Tl) ® 150,5+0,3 International
4 (PC) 150,5+0,3 comparison [16], 1982 ¥ 604.48 +2.17

® Using external absorbers.
® Changing source—detector distance.

%) Weighted average.
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Fig. 3. Extrapolation curve for !*’Cs desintegration-rate determination.
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Fig. 4. Extrapolation curve for 1% Cd desintegration-rate determination.

those obtained in a 4 proportional counter in table 1.
The results agree within the experimental uncertainty.

The extrapolation curve for *'Cs is shown in fig. 3.
The activity results are shown in table 2 in comparison
with those obtained in the 1982 international compari-
son of this radionuclide [16]. The results are in good
agreement within the estimated experimental uncer-
tainty.

The extrapolation curve for '%Cd is shown in fig. 4.
The small slope observed was attributed to a change in
the ratio €. (L, M, N)/¢..(K) as the detector goes fur-
ther from the source. The activity results are shown in
table 3 in comparison with the one obtained in a 4
pressurized proportional counter [17] and with the
weighted average from the 1986 international compari-

Table 3
Results of the desintegration rate of a ®>Cd solution

System Specific activity
(kBq/g]

2m BS — Nal(T1) @ 5935+ 53

27 BS — NaI(T1) ¥ 5987 + 33

4n PPCe™ 6000 +12

International comparison [18] © 5992+ 6

) Using decay scheme parameter from ref. [15]).
) Using Kawada’s value [19].
9 Weighted average.

son of this radionuclide [18). There is a good overall
agreement. Because in this case the results for the
proposed system are dependent on the decay scheme
parameters, slightly different values are obtained using
data from different references [15,19].

From the results of N,P,P,/(P,— P;) for '®Cd
obtained with the proposed system and the results of
Ny P, obtained with the 4m pressurized proportional
counter, it was possible to determine the decay parame-
ter P,/(P,— P;). This parameter resulted in 2.8883 +
0.016, in good agreement with Kawada’s value [19]
2.8859 + 0.009.

6. Conclusions

The activity results obtained with the proposed 4
a-y surface barrier coincidence system were in good
agreement with those obtained with conventional ab-
solute systems or in international comparisons for the
three measured radionuclides 2*’Am, *’Cs and " Cd.

The accuracy achieved with a single silicon detector
approaching 2m geometry is similar to the one using
two detectors in nearly 4m geometry, provided the same
statistical uncertainty is achieved at a longer measuring
time.

In some cases, e.g. 2*]Am, the activity result does not
depend on scheme parameters and therefore it can be
obtained with high accuracy.
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The proposed system does not require conducting
films for source mounts, simplifying appreciably the
sample preparation. High-activity sources can be mea-
sured by placing the silicon detector further away from
the source.

Because the extrapolation method by changing the
source—detector distance is quite simple, standard
sources of selected metastable nuclides can be prepared
quickly and the attained accuracy is usually satisfactory
for the calibration of secondary activity measurement
systems.
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