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Abstract: To sustain and advance the development of our laboratory, it is imperative for the laboratory
personnel to consistently deliver high-quality products and services that meet customer expectations.
The progress of productivity and the pace of technological advancements result in constant evolution
of measurement procedures, analytical techniques, and overall work methods. Our research within
the Neutron Activation Analysis (NAA) laboratory is aimed at contributing to the establishment of
quality assurance that complies with the ISO 17025 standard. As such, the laboratory implements
quality-oriented approaches to foster a culture of continuous improvement in its detector operations
and enhance customer satisfaction.
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1. Introduction

Quality assurance plays a crucial role in a neutron activation analysis laboratory as it
guarantees the accuracy and predictability of the data obtained. It contributes to laboratory
safety and enhances the overall quality of the laboratory [1-2]. Good practices and quality
standards are key components in achieving quality assurance. These standards specify
various methods that organizations can adopt to achieve their desired level of quality.

For the longevity and efficiency of the laboratory, it is imperative to keep the facilities
and equipment up-to-date and well-maintained. Researchers must be educated on the
prevailing standards and practices in their field. Furthermore, it is crucial to keep the
resources and services supporting laboratory operations current and updated. Gamma
detectors are a crucial piece of equipment in this regard [1-2].

Gamma detectors are vital for laboratories as they allow for the detection of radiation
and radioactive contaminants without altering the samples. These detectors also provide
additional information that helps identify the chemical properties of samples. Quality
assurance of High Purity Germanium (HPGE) detectors in a neutron activation laboratory
is a critical process. This process involves verifying the agreement between the signal
and the measured concentration, as well as the expected values of the samples. Quality
assurance of HPGE detectors also supplies information about their ability to meet customer
requirements and provide consistent and reliable data that aligns with ISO 17025 (as
illustrated in Figure 1) [1-2].

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 February 2023                   doi:10.20944/preprints202302.0313.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://orcid.org/0000-0003-4225-9232
https://doi.org/10.20944/preprints202302.0313.v1
http://creativecommons.org/licenses/by/4.0/


2 of 12

Figure 1. Flowchart outlining the steps involved in the sample analysis process in gamma spectrome-
try.

In the context of neutron activation analysis laboratory, gamma spectrometry is a mea-
surement technique that detects emitted gamma rays by converting the energy deposited
in a suitable detector material into an electrical signal. The processing of these signals
produces a histogram referred to as a spectrum [3-5].

This research focuses on two critical parameters, namely efficiency and resolution.
The results of this research provide valuable information for the validation and confidence
in the laboratory’s detectors.

Generally, gamma rays are emitted as a result of the de-excitation of atomic nuclei.
They have a distinct energy that characterizes the emitting nucleus and, thus, serve as a
means of identifying radioactive elements. Additionally, the area of a gamma spectrum
represents the quantity of the emitting radioactive element, provided that the active ac-
quisition times, the radioactive period of the isotopes being measured, and the emission
intensity of the observed spectrum are known.

The analysis of the measured spectra enables the identification of various radioactive
elements and the determination of their concentration in the studied sample [3-5].

2. Materials and Methods

The schematic representation of the spectrometer’s chain is depicted in Figure 2 and
comprises several components, including a detection system that transforms gamma rays
into electrical pulses. The sensitive component of this system is a High Purity Germanium
(HPGe) crystal, and the associated electronics comprise a pre-amplifier, an amplifier for
amplifying electrical pulses, an analog-to-digital converter, and a multi-channel analyzer
that processes the electrical signals and presents them as a full spectrum of gamma radiation.
The software used for signal processing and analysis is an integral part of this system [6].

In general, modern radiation detection systems operate based on different principles,
such as the ionization of gases (as in the case of Geiger-Müller counters), the excitation of
crystals resulting from luminescence (as in scintillation detectors), and the ionization of
solids (as in semiconductor detectors).

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 February 2023                   doi:10.20944/preprints202302.0313.v1

https://doi.org/10.20944/preprints202302.0313.v1


3 of 12

Figure 2. Diagram of the Gamma Spectrometry Counting Chain.

In this research, gamma radiation counting was performed using Hyper Pure Ger-
manium (HPGe) detectors, which were shielded from external radiation by a lead castle
(as depicted in Figure 3). The crystal of the detector was maintained at a low temperature
of -196C using a vacuum cryostat filled with liquid nitrogen (as shown in Figure 3). This
was done to prevent the recording of electrical pulses originating from simple thermal
agitation, as such pulses would be numerous and would quickly degrade the detector’s
performance. However, at such low temperatures, the thermal noise is low enough to
ensure high resolution.

Figure 3. A visual representation of a Germanium detector and its cooling system.

The knowledge of the detector’s characteristics, such as efficiency and resolution, is
crucial in obtaining reliable and accurate information regarding the radioelement concen-
tration. This information also enables the adjustment and optimization of the detection
system for more precise subsequent analyses. Efficiency and resolution are considered to
be the main factors that determine the success of a spectrometric analysis.

Efficiency refers to the quality of detection of gamma radiation from an irradiated
sample and primarily depends on the energy of the incident gamma radiation. Only a
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fraction of the radiation emitted by a source is recorded by the measurement system, and
the efficiency is evaluated as a percentage, calculated using the following formula (1):

Efficiency (%)=Number of photons detected/The number of photons emitted by the
source (1)

The second important parameter is resolution, which quantifies a detector’s ability to
distinguish between peaks. It is defined by the Full Width at Half Maximum (FWHM) of a
peak, expressed in KeV. The resolution is dependent on the energy of the incident radiation,
with higher energy resulting in lower resolution. However, this disadvantage is offset
by the fact that high energy results in fewer peaks compared to low energy. As part of
our participation in establishing the quality assurance system within the AAN laboratory,
we began by improving the laboratory equipment, starting with the detector. Mastering
this element is crucial for enhancing the quality of the results of the Neutron Activation
Analysis laboratory. To achieve this, the following objectives must be met:

• Conduct the necessary technical operations to ensure proper operation of the equip-
ment.;

• Control the usage of equipment;
• Create control charts for measuring instruments
• Ensure the quality of test results.

We started with the efficiency test, which involves measuring the number of gamma
detected at different energies at various distances. The following protocol was followed:

• A point radioactive source of Eu-152 was placed in the detector;
• The program that drives the gamma spectrometer for counting was launched;
• The number of gamma detected was recorded for the energies of 121.78 KeV, 244 KeV,

344.28 KeV, 411 KeV, 443.96 KeV, 778.9 KeV, 964 KeV, 1112.07 KeV, and 1408 KeV;
• The efficiency (ε) was calculated using the following formula (2):

ε = Conunts/Gammaemitted100 (2)

Knowing that (3):
Emittedgamma = (A(t)I))/(t100) (3)

Where:
The following parameters were utilized in the experiment:

• Counts: the number of gamma rays detected;
• A(t): the activity of the source at time t;
• I: the intensity of the emitted energy;
• t: the counting time (live time).

The experiment was performed using a High Purity Germanium detector at varying
distances (ranging from 0K to 7K) with a point source of Europium 152. The reference for
the source is as follows: the reference date was November 21st, 2018 at 12h UTC with an
initial activity of 37 kBq per unit area of 28 mg/cm, and with a diameter of 25 mm.

After conducting the efficiency test, the resolution test was performed. This test
involved the following procedure: first, a point radioactive source of cobalt (Co-60) was
placed at known and variable distances from the detector (ranging from 0K to 7K), with
each distance (K) corresponding to a distance defined in Table 1. Second, the program
driving the gamma spectrometer was initiated for counting. Finally, the width at half height
(FWHM) of the two peaks of Co-60, namely 1173.2 KeV and 1332.5 KeV, was recorded
based on the distance.
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Table 1. Distance between the Detector and the Source.

Position Distance (mm)

0K 0
1K 38.3
2K 69.3
3K 104
4K 119
5K 150.2
6K 180.6
7K 215.3

At the conclusion of the efficiency and resolution tests and to ensure conformity,
a control card must be implemented. This card enables us to monitor the production
process and guarantee that the controlled variables remain consistent or meet the specified
requirements, allowing for some inherent variability. The aim is to eliminate assignable
causes and minimize random causes. Every process has inherent variability, which is the
result of the combined impact of numerous small uncontrollable factors. These factors
are associated with the combination of five components that make up a manufacturing
process: machines, methods, materials, labor, and environment. These causes are referred
to as random causes as they are not controllable. If they are not excessive, the process
performance remains acceptable. A process with only random causes of variation is
considered a stable and predictable process and is said to be in a state of statistical control.
Random causes cannot be completely eliminated. There are other sources of variability
in a process, resulting in exceptional dispersion, caused by four main factors: machine
malfunctions, operator error, non-conforming material, and exceptional changes in the
environment.

Ensuring the quality of the results is not a discretionary task. It is a crucial tool for the
director and their team to guarantee the performance of their operations and to assure the
quality of the results obtained during laboratory analysis. The laboratory has established
quality processes, including the Z-Score, which is a unitless quantity that provides the
relative difference between the laboratory measurement and the target value. A negative
Z-score signifies that the measured value is below the average value, whereas a positive
Z-score indicates that the measured value is above the average value.

The Z-score is calculated by the following formula (4):

Z − score = (Measuredvalue − Averagevalue)/(Standarddeviation) (4)

Where,

• Measured value: is the result measured in the laboratory,;
• Average value: Average value of all measurements.

3. Results
3.1. Resolution of detector D01:

The Z-Score was calculated for the D01 detector resolution test measurements taken at
varying distances (ranging from 0K to 7K) from the cobalt 60 source, at energies 1173.2 KeV
and 1332.5 KeV, over different days. The calculation was performed using the aforemen-
tioned formula and the Excel program. The results of this calculation are presented in the
following graphs of figures (4 and 5), with control limits of 3 and -3.
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Figure 4. Mapping of Resolution Performance of the D01 Detector at Various Distances using the
Co-60 Source (Peak 1173.21 keV).

The analysis of the results reveals that the majority of the data points are within the
control band centered around the central axis. On the second day, a few points are observed
near the upper control limit (+3 and -3), indicating that the measurements taken during
this particular verification are within control limits.

Figure 5. Resolution mapping of the D01 detector at various distances using cobalt-60 source (1332.5
Kev peak.

It is observed that all the data points fall within the vicinity of the average value, with
a few points from the second day of the test located near the upper control limit (+3 and -3).
This indicates that the measurements taken are in good order.

3.2. Efficiency of detector D01:

Based on the measurement of gamma emissions from the Europium 152 source at
various energies (121.78 keV, 244 KeV, 344.28 KeV, 411 KeV, 443.96 KeV, 778.9 KeV, 964 KeV,
1112.07 KeV and 1408 KeV), and as detected (counted) by the D01 detector at different dis-
tances (from 0K to 7K), we calculated the efficiency at varying distances and corresponding
energies. The results of these calculations are detailed and depicted graphically using two
programs, Excel (as shown in figures 6 and 7 for 0K and 7K) and k0-IAEA (as depicted in
figures 8 and 9 for 0K and 7K).
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Figure 6. Efficiency as a Function of Energy and Position at 0 Kelvin: A Graphical Representation.

The graph in Figure 6 reveals that the majority of the data points conform to the
curve, except for the initial points, which are affected by the "dead time" and "sum peak"
effects. These effects are a result of two gamma photons emitted by a radioisotope during
its de-excitation process, which results in photoelectric effects. The photo-cathode detects
both electrons simultaneously, amplifying them and producing a peak that corresponds to
the sum of the two energies. This leads to a decrease in the detector’s effectiveness, which
must be addressed through correction.

To mitigate this phenomenon, the source can be moved away from the detector, as seen
in Figure 7, where the distance was increased from 1K to 7K. This effectively eliminates
the anomaly, as all efficiency points in the graph now lie on the curve, indicating good
efficiency of the detector.

• Example efficiency curve with EXCEL.

Figure 7. Efficiency Plot of Detector D01 Using K0A IEAMethodasaFunctiono f EnergyandDistanceo f 7K.

• Example curve with K0_IAEA.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 February 2023                   doi:10.20944/preprints202302.0313.v1

https://doi.org/10.20944/preprints202302.0313.v1


8 of 12

Figure 8. Efficiency and Z-Score of Detector D01 by K0_AIEA Method at 0K Distance as a Function
of Energy: A Graphical Representation.

The general trend of the curve demonstrates why the detector’s efficiency is near 100% at
low energy levels. However, as the energy increases, the efficiency decreases proportionally,
as shown in Figure 8.

When plotting the detector’s efficiency as a function of energy using the K0_AIEA
software at a distance of 0K (Figure 8), it becomes apparent that many of the data points
deviate from the curve, a phenomenon attributed to the "peak sum" and the dead time
effects. This leads to a decrease in the detector’s effectiveness, which requires correction.

To improve the efficiency, it is necessary to move the source away from the detector,
ideally by a distance of approximately 2K. As shown in Figure 9 with a distance of 7K, this
effectively eliminates the anomaly and results in good detector efficiency.

Figure 9. Efficiency and Z-Score Characterization of Detector D01 Using K0_AIEA Method: A Study
of Energy Dependence at a Distance of 7K.

• Results using the gamma Vision.

The Gamma Vision software provides us with a spectrum that displays the energy on the
x-axis and the corresponding number of counts on the y-axis. This spectrum is a histogram
that depicts the distribution of photons based on their energy levels. To accurately identify
radioactive elements, an energy calibration is necessary to establish a linear relationship
between the channel number and the energy deposited in the crystal. To perform this
calibration, we use test sources that emit gamma radiation at known energies, such as
Co-60 and Eu-152, at different distances from 0K to 7K, as shown in Figure 10.

The figure shows the corresponding peaks in the spectrum, obtained over a 15-minute
acquisition period.

In general, the HPGe detector is a type of gamma spectrometry device that is widely
used to measure gamma radiation. It operates by converting gamma photons into electrons
through their interaction with the germanium crystal. The resulting electrons are collected,
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and the energy of the gamma photons is calculated based on the amount of energy deposited
in the crystal.

From the figure, we can observe that in a gamma spectrum obtained from an HPGe
detector, two peaks from Co-60 are present, with energies of 1173.43 keV and 1332.49 keV.
These peaks correspond to the energy of gamma photons emitted during the decay of
Co-60, a radioactive isotope. The 1173.43 keV peak is due to the decay of Co-60 to the
ground state of Ni-60, while the 1332.49 keV peak is due to the decay of Co-60 to the first
excited state of Ni-60. These peaks are frequently utilized as reference peaks for calibrating
gamma spectrometry systems and evaluating the energy resolution of the HPGe detector.

Figure 10. Characterizing the Efficiency of HPGe Detectors for Co-60 Gamma Radiation with Energies
of 1173.43 MeV and 1332.49 MeV.

In a gamma spectrum obtained using an HPGe detector (figure 10), you may see a
lot of peaks from Eu-152. This is because Eu-152 is a radioactive isotope that undergoes
several gamma emissions in its decay process. The energies of the gamma photons emitted
by Eu-152 vary and produce multiple peaks in the gamma spectrum, allowing you to
determine the presence and quantity of Eu-152 in a sample.

The gamma photons emitted by Eu-152 have energies that are characteristic of the
specific decay process and can be used to identify and quantify the isotope. By analyzing
the gamma spectrum, you can determine the activity of the sample and gain important
information about the sample’s composition and behavior.

It’s worth noting that the appearance of a large number of peaks from Eu-152 in
the gamma spectrum indicates a relatively high activity of the isotope, which can have
implications for the safety and handling of the sample.

Using both Co-60 and Eu-152 as gamma sources for calibration has several advantages
in gamma spectrometry such as: wide range of gamma energies: Co-60 and Eu-152 both
emit gamma photons with a wide range of energies, which allows as to calibrate the
system over a large energy range and ensure that the system is performing accurately and
consistently across the entire energy range.
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Figure 11. Investigating the Variation of Gamma Detection with an HPGe Detector using Eu-152
Multi-Gamma Sources.

• Results using the MCNP CODE.

Monte Carlo simulation is a robust technique for verifying results across various fields,
including nuclear physics. The MCNP (Monte Carlo N-Particle) code is a widely used
simulation tool that models the interactions of radiation and particles with materials in a
system. The code generates random samples of particle interactions, enabling the estimation
of quantities such as flux, dose, and radiation levels. By using Monte Carlo simulations
with MCNP, complex systems can be simulated in detail and the results can be validated
against experimental data.

In recent times, the commercial availability of some simulation codes for efficiency
calculation has been leveraged to overcome these limitations. Monte Carlo simulation-
based detector calibration has gained attention from researchers in the past and has been
the subject of extensive research in recent years.

Figures 12 and 13 depict the variation in gamma radiation detection by the two sources
(Co-60 figure 12 and Eu-152 figure 13) using Monte Carlo simulation via the MCNP6 code.
The validation of experimental results through Monte Carlo simulation reflects a good
measure of the detector used in our laboratory.

Figure 12. Investigating the Efficiency of Gamma Detection using MCNP6: A Study of the Character-
istic Pics of Co-60 for 1173.43 MeV and 1332.49 MeV Energies.
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Figure 13. Investigating the Variation in Gamma Detection through MCNP6 and Analysis of Eu-152
Gamma Spectra.

Simulating the behavior of radiation and particles in a detector using sources such as
Co-60 and Eu-152 (shown in Figures 12 and 13, respectively) can provide valuable insights
into the detector’s performance. This allows us to better understand the detector’s response
and validate the accuracy of our measurements. The MCNP (Monte Carlo N-Particle)
[7-8] code is particularly useful in simulating the gamma spectra and evaluating the full-
energy peak efficiency of the detector when using Co-60 and Eu-152 sources, which are
commonly utilized in the fields of nuclear physics and radiation detection. By comparing
the results from the simulation with experimental data, we can verify the accuracy of our
measurements and confirm that the detector is functioning as intended.

4. Discussion

Quality assurance and quality control are critical for a laboratory to produce reliable
and accurate results for its clients. Without these practices, results may be misleading and
potentially have negative consequences.

Adhering to quality standards brings a higher level of rigor to laboratory procedures,
clearly defines roles and responsibilities, and harmonizes practices. Monitoring non-
conformities and malfunctions is a top priority in any quality approach. The development
of written internal quality documents is also essential, as it provides traceability of all
actions and helps to move away from an oral tradition. The ISO 17025 standard requires
that all factors contributing to the analysis result be taken into account and considered in
technical requirements.

Implementing a quality approach is a long-term project that requires the progressive
adoption of principles and methods by all laboratory professionals and an improvement
of expertise. To ensure success, the approach should be implemented gradually, start-
ing with the most pressing priorities. At the AAN laboratory, the implementation of a
quality approach was carried out in three stages: first, mastering the neutron activation
analysis technique and methodology; second, evaluating the management and technical
prescriptions of the ISO 17025 standard; and third, verifying the D01 detector in the AAN
laboratory’s counting room. The verification concluded that the D01 detector is compliant
and produces reliable results. These verifications and the processes established by the AAN
laboratory aim to ensure the quality of results delivered to its clients.

5. Conclusion

The utilization of high-purity germanium detectors has become a standard in the
environmental sector for conducting efficient assessments of environmental radioactivity.
This non-invasive approach enables the measurement of all gamma-emitting radioactive
elements within a broad energy range of 20 to 2000 keV in an array of sample types with a
single measurement.
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The D01 detector at the neutron activation analysis laboratory underwent rigorous
metrological control tests, yielding reliable results. Further validation was achieved through
the implementation of daily control measurements, which were utilized to generate control
charts and calculate the Z-score of each value, thus reinforcing the validity of the outcomes.
To guarantee the quality of the data delivered to clients, all processes and verifications that
are dependent on the traceability established by the AAN laboratory are monitored closely.

Quality assurance is a crucial aspect of scientific and technological fields that extends
beyond neutron activation analysis. This principle can be implemented in an array of
disciplines and activities to ensure the accuracy, reliability, and validity of results.
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