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Abstract

A study to analyse the optimization of counting efficiency and energy
resolution in alpha spectrometry measurements with different collimator
geometries has provided more insight with the output data obtained. Experimental
and simulation analysis were undertaken with Isotropic **'Am, ?**Cm, and #**Pu
sources to assess the mesh-hole collimator geometries with diameters of 2.5 mm,
4.0 mm, 5.0 mm, and 6.0 mm. Without the use of the collimator, efficiency values
of 7.89+0.04 %, 27.24+0.23 %, and 27.0+0.12 % were obtained from 2*'Am, >**Pu,
and ?**Cm respectively. The corresponding Full Width at Half Maximum (FWHM)
data obtained for >*' Am, >**Pu, and ***Cm were 34.53+0.43 keV, 32.77+0.27 keV,
and 30.68+0.10 keV respectively. With the application of the circular geometries,
the resolution of Am-241 had increased by significant differences of 13.76 %,
10.60 %, and 13.99 % with the 2.5 mm, 4.0 mm and 5.0 mm collimators
respectively. Whiles increments of 20.45 %, 10.47 %, and 7.81 %were obtained for
Pu-238 with the 2.5 mm, 4.0 mm and 5.0 mm collimators respectively. Cm-244
produced fairly steady increments in resolution of 17.08 %, 19.20 %, and 20.99 %
with the 2.5 mm, 4.0 mm and 5.0 mm collimators respectively. The application of
the collimator significantly reduced the counting efficiency values, producing
1.03£0.01% (Am-241 at 2.5 mm), 2.05+0.01% (Pu-238 at 2.5 mm), and
2.71+£0.01% (Cm-244 at 2.5 mm). With the application of the hexagonal mesh-hole
collimator, the resolution of Am-241 increased by differences of 20.36 %, 14.94
%, and 13.61 % with the 2.5 mm, 4.0 mm and 5.0 mm collimators respectively,
and 22.00 %, 19.16 %, and 17.67 % for Pu-238 from 2.5 mm, 4.0 mm, and 5.0 mm
respectively. Whiles with Cm-244 increased differences of 13.36 %, 12.71 %, and
11.54 % were recorded for 2.5 mm, 4.0 mm, and 5.0 mm respectively. The
triangular mesh-hole collimator was identified to be relatively more effective in
enhancing energy resolution with 26.74 £ 3.19% improvement for Pu-238 and
16.82 £ 0.20 % for Am-241, compared to the enhancements of 24.55 + 2.36% and
15.64 £ 040 % respectively with the hexagonal mesh-hole collimator. A
significant compromise of 87.32% and 77.87% were evaluated as the maximum
loss in efficiency with the triangular geometries and hexagonal geometries
respectively. Though theoretically proven to be inadequate, the circular mesh-hole
collimator has provided quite good results with the output data. It has been shown
through this study that the triangular geometry can adequately replace the
hexagonal geometry 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.



