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Abstract
A study to assess the variation of counting efficiency and energy resolution of alpha particle propagation through
varying hexagonal and triangular mesh-hole collimator diameters in alpha spectrometry has been undertaken. In
this study, Isotropic 241Am and 238Pu sources were used, along with collimator geometries with diameters of
2.5 mm, 4.0 mm, 5.0 mm and 6.0 mm all having a cell height of 2.5 mm. The triangular mesh-hole collimators
increased the resolution of Am-241 by a significant average difference of 16.82 ± 0.20%. Whiles with the
hexagonal mesh-hole collimators, the resolution of Am-241 increased by an average difference of 15.64 ± 0.40 %.
The resolution of Pu-238 with the triangular mesh-hole collimators had also increased by a significant difference
of 26.74 ± 3.19%. Whiles with the hexagonal mesh-hole collimators, the resolution of Pu-238 increased by
a difference of 24.55 ± 2.36%. Though not as popular as the hexagonal mesh-hole collimator, the triangular
mesh-hole collimator has produced a better output with the results from this study.

Introduction
In the detection of alpha particles, energy resolution and count-
ing efficiency of the spectra is of optimal value, due to its
limitations with its propagation in various media. However,
it has been shown that the use of collimators could make it
easier in distinguishing radionuclides (Degrelle et al., 2020).
Alpha spectrometry with semiconductor detectors is often
undertaken with radiochemically processed sources in a vac-
uum medium (Pollanen et al., 2012a). There could however be
some limitations with this due to the lengthy period needed for
such processes (Vajda et al., 2020). Mechanical collimation
has been employed with this study in the comparison of the
triangular and hexagonal collimators, which could further sup-
port in optimizing the output data in alpha spectrometry. The
degradation of detection efficiency has been identified to be
greater than the improvement of resolution. Notwithstanding,
it could still be considered as generally being more beneficial
with the use of the collimator (Kim et al., 2020). Moreover,
a counting efficiency of 100% could only be achieved if the
detector identifies every alpha particle that enters its active
volume (Knoll, 2010). Even though many environmental ra-
dioactivity laboratories are adequately equipped with alpha
counters, most are reluctant to undertake the radiochemical
processes. Thus, simplified but highly efficient analytical
methods are being implemented with samples (Surbeck, 2000).
The most common choice with detectors used in alpha spec-
trometry is the room temperature silicon detectors with ion
implanted contacts due to their thin dead layers and variety
of sizes (Dion et al., 2016). The passivated planar detector is
most preferred in alpha activity monitoring and radionuclide
identification in the environment (Schmitt et al., 2020). The

main alpha peaks of some radionuclides (such as 239Pu and
240Pu) vary by small measures (keV), making their quantifi-
cation extremely challenging. It has been confirmed through
this experiment that pressure variation in the vacuum chamber
also influence the peak properties (Pollanen et al., 2012b).
To diminish this effect, a lower vacuum in the chamber is
applied (Vainblat et al., 2004). When the variability of the
alpha particle track length in the medium is minimised, the
best possible nuclide identification is obtained. The resolution
is therefore optimal when counting is done in a vacuum (Pol-
lanen and Siiskonen, 2006). In an experiment with a Canberra
450 PIPS detector, analysing leached ThO2 pellets with direct
alpha spectrometry, the resolution data-sets varied between
23 and 48 keV (Myllykyla et al., 2017). The use of sources
that emit alpha particles used for spectrometry are expected
to be made as thin and homogeneous as possible. This is
done to reduce energy absorption and straggling in the source
(Sanchez et al., 2002). The use of thin sources produces alpha
spectra with very good energy resolution, which could even
be less than 10 keV (Phong Thu et al., 2018). Thick material
layer of the source produces a wide tail on the low energy
side of the peaks in the spectrum. This makes nuclide identi-
fication quite difficult (Pollanen et al., 2005). Alpha-particle
spectrometry in combination with radiochemical separation
allows determination of very low activity concentration of
certain radionuclides (Benedik et al., 2010). Sophisticated
fitting procedures are required to enhance the determination of
overlapping areas of alpha particles of close energies, because
the energy resolution of the detector is intrinsically limited
(Leblanc et al., 2006). One significant parameter that also
affects the dataset is the solid angle subtended by the detec-
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tor, which could be varied with the movement of the source
mount by the Vernier calliper attached to the sliding piston
(Pomme et al., 2014). A collimator fixed between a source and
a detector helps to cut off particles travelling at low angles,
therefore increasing the energy resolution of alpha peaks (Park
et al., 2015). The counting efficiencies of the triangular and
hexagonal collimators were also determined from the relation:

ε(E) = S/(Tl ∗ y∗A∗Kw)

where ε (E) is the efficiency at energy E, S is the net peak area
of the calibration peak, Tl is the live time of the measurement,
y is the branching ratio (also known as yield) of the calibration
nuclide at this energy, A is the source activity at the source
reference time (certificate time), Kw is the decay correction
factor to decay correct the activity A to the activity at the time
of the start of acquisition (Genie, 2013).

Materials and Methods
The detector construction system comprises a collimator made
of Polyethylene terephthalate glycol (PETG), isotropic radi-
ation sources (241Am and 238Pu) and a Passivated Implanted
Planar Silicon (PIPS) alpha spectrometer system (model: A450
– 18AM) with a Genie 2000 software installed for analysis of
the various spectra (data). The diameter of mesh-holes (cells)
used for the collimators are of sizes; 2.5 mm, 4 mm and 5 mm
as shown in Figure 1 (a) (i), and (a) (ii).

Figure 1. Schematic diagram (experimental setup) of the
alpha source with the collimator and detector.

These chosen diameters were then used in different analyses
with a collimator height of 2.5 mm to study the geometries’
impact on propagation of alpha particles through them with
the loss of energy before reaching the active zone of the de-

tector. The detector window was 9.5 mm from the collimator
and 13 mm away from the source as seen in Figure 2 below.

Figure 2. (a) Schematic diagram of (i) triangular mesh-hole
collimator, and (ii) hexagonal mesh-hole collimator; (b) (i)
Hexagonal 2.5 mm mesh-hole shape with (ii) triangular 2.5
mm mesh-hole shape. Both of a height of 2.5 mm.

The source was also placed at 1 mm beneath the collimator.
The vacuum pressure ( 8Pa) was obtained with a rotary pump
attached. The active layer (11 mm in diameter and 1 mm
in thickness) of the source is covered by a TiO2 (24 mm
width and 0.1 µm in thickness) layer. An exposure time of
300 secs was set for each run of counts on the spectrometer
with and without the collimator in place through vacuum.
The respective counts were then recorded and other required
parameters such as; counting efficiency and Full Width at Half
Maximum (FWHM) were determined from the Genie 2000
software and calculation from equation (1) and (2) below. The
counting efficiency values were evaluated using the relation:

ε(E) = S/(Tl ∗ y∗A∗Kw∗U f ) (1)

where ε (E) is the efficiency at energy E, S is the net peak area
of the calibration peak, Tl is the live time of the measurement,
y is the branching ratio (also known as yield) of the calibration
nuclide at this energy, A is the source activity at the source
reference time (certificate time), Uf is a factor to convert the
activity A from other activity units of Bq (if applicable), Kw
is the decay correction factor to decay correct the activity A
to the activity at the time of the start of acquisition, given by
the expression:

Kw = e− (In(2)tw/T1/2) (2)

where; tw is the decay time of the calibration source (the
elapsed) time between the start of the acquisition and the time
at which the calibration source activities are reported, and
T1/2 is the half-life of the calibration nuclide.
The radionuclides 241Am 238Pu and 244Cm with activity val-
ues of 32990 Bq, 36720 Bq, and 35000 Bq and corresponding
external alpha radiation values of 16495 s−1, 18360 s−1, and
17500 s−1 respectively were used for the sources with a time
of 300 secs.

Results and Discussion
Results
The energy spectra along with other pertinent data derived
from the Genie 2000 software as shown in Figure 3 and Fig-
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ure 4 were first analysed to assess the corresponding counting
efficiencies and resolution of the various radionuclides.

Figure 3. (i) Am-241 spectrum without collimation, (ii) Am-
241 collimated spectrum with 2.5 mm hexagonal mesh-hole
diameter, and (iii) Am-241 collimated spectrum with 2.5 mm
triangular mesh-hole diameter.

Figure 4. (i) shows the spectrum of Pu-238 without collima-
tion, (ii) after collimation with 2.5 mm hexagonal mesh-hole
diameter, and (iii) shows the spectrum of Pu-238 after colli-
mation with 2.5 mm triangular mesh-hole diameter.

The application of the 2.5 mm triangular mesh-hole collimator
significantly reduced the counting efficiency value as seen in
Figure 5, with 1.77 ± 0.01%. Even though, the hexagonal
mesh-hole collimator also reduced the counting efficiency

Figure 5. Counting efficiency and FWHM values of the ra-
dionuclides using; triangular mesh-hole collimator, without a
collimator, and hexagonal mesh-hole collimator with a diame-
ter of 2.5 mm.

quite significantly, its energy resolution as well did not im-
prove as much (with a 14.51% increment) as that of the trian-
gular mesh-hole, which increased by 18.22%.

Figure 6. Counting efficiency and FWHM values of the ra-
dionuclides using; triangular mesh-hole collimator, without a
collimator, and hexagonal mesh-hole collimator with a diame-
ter of 4.0 mm.

The counting efficiencies with the 4.0 mm mesh-hole reduced
as well with 2.96 ± 0.01%, and 4.46 ± 0.36% for the trian-
gular and hexagonal geometries respectively as indicated in
Figure 6. The 28.05 keV energy resolution with the triangular
mesh-hole collimator was relatively the best FWHM value
with the Am-241 compared to that of the other geometries.
The 18.77% improvement with the 4.0 mm triangular mesh-
hole is encouraging compared to that of hexagonal geometry
(with 14.51% increment). The widening of mesh-hole diam-
eter rather reduced the FWHM values as seen in Figure 7
below. With resolution, the hexagonal mesh-hole only man-
aged to increase by 11.58%, whiles the triangular produced
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an increment of 13.9%.

Figure 7. Counting efficiency and FWHM values of the ra-
dionuclides using; triangular mesh-hole collimator, without a
collimator, and hexagonal mesh-hole collimator with a diame-
ter of 5.0 mm.

With the application of the 6.0 mm mesh-hole of both geome-
tries, the variation in their FWHM values were relatively the
same, as seen in Figure 8 below, compared to those recorded
earlier from the smaller mesh-holes.

Figure 8. Counting efficiency and FWHM values of the ra-
dionuclides using; triangular mesh-hole collimator, without a
collimator, and hexagonal mesh-hole collimator with a diame-
ter of 6.0 mm

With the highest counting efficiency values from Am-241,
recorded as 4.48 ± 0.02% and 4.14 ± 0.08% of the triangular
and hexagonal mesh-holes respectively, the minimum count-
ing efficiency values from Pu-238 were 3.45 ± 0.02 and 6.02
± 0.01 for the 2.5 mm triangular and hexagonal mesh-holes
respectively as indicated in Figure 9. Notwithstanding, the
2.5 mm produced very good energy resolution outputs with
the triangular and hexagonal mesh-hole collimators as seen in
Figure 9.
As was observed with the FWHM data of the 4.0 mm from

Figure 9. Counting efficiency and FWHM values of the ra-
dionuclides using; triangular mesh-hole collimator, without a
collimator, and hexagonal mesh-hole collimator with a diame-
ter of 2.5 mm.

the use of Am-241, the 4.0 mm hexagonal mesh-hole again
produced a better FWHM value with Pu-238 compared to that
of the 2.5 mm mesh-hole. The 4.0 mm triangular mesh-hole,
however, did not follow that trend as seen in Figure 10, but
produced a marginally lower energy resolution compared to
that of the 2.5 mm mesh-hole of the same geometry.

Figure 10. Counting efficiency and FWHM values of the
radionuclides using; triangular mesh-hole collimator, with-
out a collimator, and hexagonal mesh-hole collimator with a
diameter of 4.0 mm.

Although relatively the triangular mesh-hole collimator still
produced better energy resolution than the application of the
hexagonal mesh-hole collimator, the difference was quite
marginal as seen with Figure 11 and Figure 12. Even with
the good delivery in counting efficiency as well, the triangular
mesh-hole collimator maintained its capacity in delivering
better resolution outputs, as seen in Figure 11 and Figure 12,
compared to that of the hexagonal mesh-hole collimator.
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Figure 11. Counting efficiency and FWHM values of the
radionuclides using; triangular mesh-hole collimator, with-
out a collimator, and hexagonal mesh-hole collimator with a
diameter of 5.0 mm.

Figure 12. Counting efficiency and FWHM values of the
radionuclides using; triangular mesh-hole collimator, with-
out a collimator, and hexagonal mesh-hole collimator with a
diameter of 6.0 mm.

Discussion
In assessing the impact of the various geometries (2.5 mm, 4.0
mm, 5.0 mm, and 6.0 mm) on energy resolution with respect
to the radionuclides (238Pu and 241Am) considered in this ex-
periment, the triangular mesh-hole collimator has produced a
better energy resolution from 238Pu (with 22.68 keV) using
the 2.5 mm diameter collimator. However, it is also known
that the 2.5 mm hexagonal mesh-hole collimator had a bit of
curvature towards the central portion of the collimator. This
could be the likely cause in the decrease in quality of the
energy resolution (24.78 keV), in comparison with that of the
triangular mesh-hole collimator.
Considering the application of the triangular mesh-hole colli-
mator (with 238Pu), the efficiencies of the geometries being
considered had reduced by significant differences of 87.32%,
78.60%, 72.21%, and 67.76% with the mesh-hole diameters

of 2.5 mm, 4.0 mm, 5.0 mm, and 6.0 mm respectively. These
decrement in efficiencies resulted in good corresponding en-
ergy resolution data sets of 22.68 keV, 23.54 keV, 24.73 keV,
and 25.22 keV with the mesh-hole diameters of 2.5 mm, 4.0
mm, 5.0 mm, and 6.0 mm respectively.
With the application of the hexagonal mesh-hole collimator
(with 238Pu), the efficiencies of the geometries being con-
sidered had reduced by significant differences of 77.87%,
66.18%, 61.76%, and 56.25% with the mesh-hole diameters
of 2.5 mm, 4.0 mm, 5.0 mm, and 6.0 mm respectively. These
decrement in efficiencies resulted in good corresponding en-
ergy resolution data sets of 24.78 keV, 23.68 keV, 24.97 keV,
and 25.64 keV with the mesh-hole diameters of 2.5 mm, 4.0
mm, 5.0 mm, and 6.0 mm respectively.
Consequently, the counting efficiency of Am-241 with the
triangular mesh-hole geometries also reduced with 77.57%,
62.48%, 58.30%, and 43.22% from the application of the
2.5 mm, 4.0 mm, 5.0 mm, and 6.0 mm mesh-hole diame-
ters respectively. These decrement in efficiencies resulted
in good corresponding energy resolution data sets of 28.24
keV, 28.05 keV, 29.73 keV, and 30.30 keV with the mesh-hole
diameters of 2.5 mm, 4.0 mm, 5.0 mm, and 6.0 mm respec-
tively.On the other hand, the hexagonal mesh-hole collimator
(with 241Am), reduced the efficiencies of the geometries by
62.61%, 43.47%, 42.84%, and 47.53% from the application
of the 2.5 mm, 4.0 mm, 5.0 mm, and 6.0 mm mesh-hole di-
ameters respectively. These decrement in efficiencies also
resulted in relatively good corresponding energy resolution
data sets of 29.52 keV, 29.13 keV, 30.53 keV, and 30.31 keV
with the mesh-hole diameters of 2.5 mm, 4.0 mm, 5.0 mm,
and 6.0 mm respectively.

Conclusion
Even though with a relatively large decrease in efficiency,
both sets of geometries used in this experiment have produced
good measures of efficiencies with their corresponding energy
resolution. The triangular mesh-hole collimator, however, has
been identified to be relatively more effective in terms enhanc-
ing the energy resolution with the 26.74 ± 3.19% improvement
of Pu-238 compared to the 24.55 ± 2.36% enhancement with
the hexagonal mesh-hole collimator. Also, with the 16.82 ±
0.20% improvement of Am-241 with the triangular mesh-hole
collimator compared to the 15.64 ± 0.40% enhancement with
the hexagonal mesh-hole collimator. The similarity in the
output from the application of both geometries considered in
this study has revealed that though the triangular mesh colli-
mator is not as popular as the hexagonal mesh-hole collimator,
it can adequately replace it to deliver outstanding results as
well. The energy resolution datasets of 22.68 keV and 24.78
keV with the use of the triangular and hexagonal mesh-hole
collimators respectively are very encouraging, considering the
9.5 mm distance from the collimator to the detector.
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