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Abstract

The standardization of **' Am solution has been undertaken using a 4rw—y coincidence system. The 47 proportional counter used for
alpha detection has a 0.1 mm thick Al window in the outside wall in order to minimize y-ray attenuation. The extrapolation technique
was applied to determine the activity of the solution. The variation of alpha efficiency has been made using external absorbers and by the
electronic discrimination. The results from the two methods were compared and are in agreement within the experimental uncertainty.
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1. Introduction

Am-241 decays with half-life of 432.6y (Chechev and
Kuzmenko, 2004), emitting alpha particles populating the
excited levels of *’Np which emit gamma-rays to achieve
the stable level (Fig. 1). **' Am is one of the most important
radionuclides used as standard source for o and y spectro-
meters. To y spectrometers, its importance is due to the low
gamma energy (59.54 keV) emitted with 35.78% intensity,
which is in a region lacking in standards. For this reason
2TAm has been selected by the CCRI(II) (Comité
Consultative pour les Etalons de Mesures des Rayonne-
ments lonisants II) for an international comparison.

The LMN, Nuclear Metrology Laboratory from IPEN
has participated in this comparison in collaboration with
the Laboratério Nacional de Metrologia das Radiagdes
Ionizantes (LNMRI) from Rio de Janeiro.

The standardization of ** Am presented in this paper
was undertaken in a 47 (PC)-Nal(Tl) coincidence system.
The 4n proportional counter used for alpha detection has a
0.1 mm thick Al window in the outside wall in order to
minimize y-ray attenuation. The extrapolation technique
was applied in order to determine the activity of the
solution (Baerg, 1967). The alpha efficiency was changed
by two different methods: the first made use of external
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absorbers of Collodion films with 20 pgcm™2 gold coated,
placed over and under the sources; the second was by
electronic discrimination, changing the alpha spectrum
threshold. The events were registered by a method
developed by the LMN that makes use of a time to
amplitude converter (TAC) associated with a Multichannel
Analyser (Lavras et al., 2001).

2. Experimental method
2.1. Source preparation

The **' Am solution was sent by the Bureau International
des Poids et Mesures (BIPM) to the LNMRI, in Rio de
Janeiro, and a fraction forwarded to LMN in Sdo Paulo.
The sources to be measured were prepared by dropping
known aliquots of the solution on a 20pugem~2 thick
Collodion film. This film had been previously coated with a
10 pgem™2 gold layer in order to render the film conductive.
A seeding agent (CYASTAT SM) was used to improve the
deposit uniformity and the sources were dried in a
desiccator. The mass determination has been performed
using the pycnometer technique (Campion, 1975).

2.2. 4nfi—y Coincidence method

A 4z proportional counter filled with P-10 gas and
operated at 0.1 MPa was used for alpha detection. Its
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Fig. 1. Simplified decay scheme of **' Am. All energies are in keV.

outside wall (with a 0.1 mm thick Al window) was coupled
to the crystal scintillator, in order to minimize jy-ray
attenuation. The gamma detector was a 58 mm x 58 mm
Nal(Tl), instead of the usual 76 mm x 76 mm, in order to
reduce the background in the 59 keV region selected for the
gamma channel window.

The formulae applied to the coincidence measurement is
given by the well-known relationship (Baerg, 1967):

N.N, I — &\ (e + &
—=Nys 1
N, 0{ * < &y ) ( I +o ’

where Ny is the disintegration rate, N, the proportional
counter counting rate, N, the y-channel counting rate, N.
the coincidence rate, ¢, the proportional counter efficiency
for alpha particles, &,, the proportional counter efficiency
for y-rays, ¢, the proportional counter efficiency for
conversion electron, o the total conversion coefficient.

The observed counting rates N, and N, were corrected
for background, dead time and decay in the usual way. The
coincidence rate N, was corrected for dead time and
accidental coincidences using the Cox-Isham formalism
(Cox and Isham, 1977) adapted by Smith (1978).

The electronic diagram system used is presented in
Fig. 2. In the TAC method, the signals after selection in the
SCA Timing are sent to two gates and delay generators
that yield the start and stop information to the TAC. A
typical spectrum obtained in the multichannel analyzer is
shown in Fig. 3. In this figure the first peak is due to the
alpha counts without coincidences, the middle peak
corresponds to the coincidences counts and the last peak

is due to the gamma counts without coincidences. The total
alpha counts are given by the integration of two first peaks,
the total gamma counts are given by the integration of the
second and third peaks and the coincidence counts are
given by the integration of the middle peak. For the dead
time correction, the ratio live time/real time obtained from
the multi channel analyzer was used. The correction for
accidentals was performed by subtracting the expected
accidental counting rate given by Nacc = t.N,N, , where
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Fig. 2. Schematic diagram of the electronic system.
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Fig. 3. Typical TAC spectrum.
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7, 1s the resolution time corresponding to the selected time
window from TAC.

3. Results and discussion

The extrapolation efficiency curve obtained with external
absorbers is presented in Fig. 4. The extrapolation
efficiency curve obtained by changing the threshold level
of alpha spectrum is shown in Fig. 5. A linear least-square
fitting using code LINFIT (Dias, 1999), which incorporates
covariance matrix methodology was used. The curves
obtained by the two methods have the same behavior and
the best fit was a constant as expected, because the pulses
from conversion electrons and gamma detection in the
alpha counter have fallen in the noise region of the
spectrum. The relative deviation as a function of (1 —
N./N,)/(N./N,) for both curves are presented in Figs. 6
and 7, confirming the fitting result. The extrapolation
values from the two methods are in agreement within the
experimental uncertainty, as shown in Table 1. These
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Fig. 4. Extrapolation curves of NgN,/N. as a function of (1—
N./N,)/(N./N,) from external absorbers.
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Fig. 5. Extrapolation curves of NgN,/N. as a function of (1—
N./N,)/(N./N,) from electronic discrimination.
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Fig. 6. Relative deviation in % as a function of (1 — N./N,)/(N./N,)
from external absorbers.
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Fig. 7. Relative deviation in % as a function of (1 — N./N,)/(N./N,)
from electronic discrimination.

Table 1
Values obtained by LMN from methods of changing the alpha efficiency
compared with the value obtained by LNMRI (Iwahara et al., 2005)

Efficiency method Activity extrapolated (kBqg™")

External absorbers 295.31 £ 1.06
Electronic discrimination 296.44 + 1.07
Weighted average 295.88 £ 0.80
LNMRI 295.57+0.96

results indicate that both methods are valid to standardize
alpha-gamma emitters. The activity of **'Am solution is
reported as the weighted average between the two methods:
295.88 £ 0.80kBqg~'. In Table 1 the values obtained by
the LNMRI (Iwahara et al., 2005) are also presented and
are in agreement with our result. Table 2 gives the partial

uncertainties involved in the absolute standardization of
241
Am.
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Table 2
Typical uncertainties components in % of the activity concentration

Components Uncertainty (%)
Counting statistics 0.10

Weighing 0.10

Dead time 0.05
Background 0.10

Resolving time 0.10
Extrapolation of efficiency curve 0.30

Combined uncertainty 0.36
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