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Alpha particle spectroscopy is a measurement method that has found
applied applications in several fields such as measuring nuclear decay
data, geological studies or measuring low levels of activity in the
environment. In all these measurements, determining the value of
detection efficiency is highly important as without it, quantitative
measurement will not be possible. Several factors affect detection
efficiency. The purpose of this study was to measure the changes in
detection efficiency concerning alpha particle energy, sample-to-
detector distance and detector size. For this purpose, the efficiency of
detection for different energies of 241Am, 239Pu, 244Cm, different
sample-to-detector distances (2 to 52 mm) and different detector
sizes (450 and 600 mm2) was investigated. The measurement results
showed that the detection efficiency was reduced by approximately
20 times by changing the distance from the source to the detector
from 2 mm to 5.2 cm but efficiency was not dependent on the energy
of alpha particles (maximum variation of 11%). In addition, the
difference in source count at two different times and for two different
detectors was approximately 1 and 1.2 per cent, indicating the
stability of the system.
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EXTENDED ABSTRACT

Introduction

Alpha spectrometry is one of the methods of analyzing radioactive materials, which is
widely used due to its unique features such as high counting efficiency, low background
counting rate, and high ability to measure various types of alpha radionuclides. In addition,
due to the possibility of using an alpha isotope as an internal tracer; it has high reliability and
is widely used.

In alpha spectrometry, to quantitatively measure the concentration of alpha
radionuclides in each unknown sample, it is necessary to know the detection efficiency.
Various research have been conducted on the factors involved and effective in alpha
spectrometry such as system voltage and current, source type, and FWHM.

In this research, evaluations were made on the efficiency of detection and the factors
affecting it as one of the most important effective parameters in alpha spectrometry. In
addition to the quality of the source (sample), factors such as the type and dimensions of the
detector, the energy of the beam or the particles emitted, as well as the geometric shape of
the source and its distance from the detector can be factors affecting the efficiency.
Therefore, for the first time in the country, the effect of alpha particle energy, the effect of the
distance between the sample and the detector, and the effect of the detector size on the
detection efficiency were investigated to determine the best performance conditions for
alpha spectrometry.

Methodology

The main equipment used in this experiment was a multi-channel alpha quattro
spectrometer manufactured by SILENA. This device has 4 counting chambers, each of which
can be controlled separately by analysis software. It is also possible to create a vacuum to
the desired extent with a vacuum pump in each of the chambers.

Inside each chamber is a source holder that allows counting of sources with a diameter
of 18-51 mm and at a distance of 2-42 mm in 4 mm steps using slots on the wall. The sample
(source) used in this experiment was a standard source containing radionuclides 241Am,
239Pu and 2#Cm, which was made through electrodeposition on stainless steel planchets.
The uncertainty of the activity in this source was 3% at the 95% confidence level.

To undertake the energy calibration and determine the efficiency, the source was placed
in the chamber at all possible distances and counting was done in all cases with a counting
time of 1845 seconds. The efficiency values were calculated by dividing the net count rate
obtained by the alpha emission rate from the source which is provided in the certificate
sheet of the source. To investigate each of the mentioned parameters, counting was
performed with 3 repetitions, and the average result of 3 repetitions compared as the result
of counting,

Results and discussion
Table 1 shows the changes in detection efficiency concerning the energy of alpha
particles for a source located at a distance of 30 mm from the alpha detector.
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Table 1. Effect of alpha particle energy on detection efficiency.

Radionuclides Aigie pzan;t;‘c,l)e energy Sagil;)tfnt:ed(it)eni;or detection efficiency

Plutonium-239 5156.6 3.29%

Americium-241 5485.6 30 mm 3.24%
Curium-244 5804.8 3.18%

As can be observed from the table above, in alpha spectroscopy, the dependence of
efficiency on energy is not high. Since the penetration of alpha particles is very low, the
range of the most energetic ones in the air does not exceed several centimetres, or its
range in water is only about a few microns (due to the high charge and mass of alpha
particles in various energies). The alpha entered into the sensitive volume of the detector
is easily absorbed, stopped and revealed. Therefore, the counting efficiency is not
dependent on the energy of the particles and will only depend on the counting geometry.
Figure 1 shows the detection efficiency of plutonium-239 and curium-244 alpha particles
for different distances.
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Figure 1. Effect of source to detector distance on detection efficiency.

Table 2 shows the changes in detection efficiency related to Pu-239, Am-241 and Cm-

244 for different distances from the source to the detector with two different areas of 450
mm? and 600 mm?2.

Table 2. Detection efficiency of alpha spectrometer (in per cent) at different distances and with two

different detector areas.

Radionuclides D‘;rte:;“ 2 6 10 14 18 22 26 30 34 38 42 52
Pu-239 416 2705 171 1132 779 551 421 329 26 218 177 118
Am-241 450mm? 4001 2625 1621 1094 763 544 417 324 259 21 175 115
Cm-244 4079 2672 1674 1127 761 522 403 318 256 206 174 112
Pu-239 4322 3007 204 14 1013 753 576 452 36 289 241 156
Am-241 600mm? 414 283 1952 1337 974 711 554 446 355 276 23 151
Cm-244 4262 296 2011 1357 985 742 566 431 338 28 227 15

If 22 mm (the distance between the source and the detector) is considered as the
distance, according to the type of radionuclide, the detection efficiency with the larger
detector is approximately 30-42% more than the detection efficiency with the smaller
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detector. As a result, it can be observed that the detection efficiency is highly dependent on
the size of the detector; or in other words, on the measurement geometry.

Conclusion

The results of the present study demonstrated that the detection efficiency does not
depend on the energy of alpha particles emitted from alpha radionuclides, but it strongly
depends on the measurement geometry. To have high efficiency, the sample should be as
close as possible to the detector, otherwise, more counting time and improvement of
vacuum conditions are needed.
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