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Abstract. In this work was to reveal the effects of gamma-quantum irradiation on the microstructure and electrophysical 

characteristics of aluminum. The effects of gamma irradiation with a radionuclide source of cesium-137 isotope on the 

properties of aluminum were studied. The maximum absorbed doses were approximately 108 rads. Aluminum plates with 

a thickness of 6 mm and an area of 5 cm2 were utilized during the experiments. The main challenge in obtaining reliable, 

adequate automated adaptation of the gamma spectrometer under conditions of change in a certain range of characteristics 

of the water environment (such as, for example, temperature and pressure) is the task of obtaining reliable, high-quality 

and reliable measurements. The paper presents the results of testing and adjustment of the complex of autonomous 

automated calibration of 137Cs gamma-spectrometer. The processes occurring during gamma-quantum irradiation of 

aluminum and their influence on dielectric properties of the material were studied. The results obtained indicate that when 

aluminum is irradiated with a dose of 108 rad, only a slight change in its dielectric permittivity is observed. 
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1. Introduction

It is known that irradiation of metals, semiconductor crystals and alloys with gamma quanta 

can lead to disruption of their structure by introducing radiation defects [1-3]. These defects can 

include point defects such as vacancies and interstitial atoms as well as linear defects such as 

dislocations. Radiation defects can affect the mechanical, electrical, and magnetic properties of 

materials, making gamma ray irradiation an important factor in studying the behavior of materials 

under radiation exposure. 

However, in the study [4-5] it was found that the irradiation of metals, semiconductors and 

alloys by gamma-quanta with an exposure dose of more than 105 J/kg does not lead to the 

accumulation of defects, but, on the contrary, promotes their elimination and leads to the transition 

of the material to a more stable state compared to its initial state. An interesting phenomenon is that 

such effects of ionizing radiation cause rearrangement of the metal structure and consequently lead 

to changes in its electrophysical properties. 

In the modern electrical industry, considerable importance is attached to the use of aluminum 

and its oxides because of their semiconducting properties [6-7]. These materials offer a number of 

advantages such as high thermal conductivity, strength and low density, making them an ideal choice 

for many applications in electronics and electrical engineering. Their use enables the creation of 

components with high efficiency and reliability, which is important for modern technology and 

industrial processes. 

Other scientists have studied the effect of ionizing radiation on the stability of semiconductor 

devices [8-9]. Moreover, gamma radiation has a particularly negative impact, as it has a high 
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penetrating ability and is characterized by the lack of effective protection methods. This property of 

gamma radiation makes it especially dangerous for semiconductor devices, as it is able to penetrate 

through ordinary materials and cause significant changes in their structure and functionality. As a 

result, the development of methods of protection against gamma radiation and the study of its effects 

on semiconductor devices are important areas of research in the field of electronics and electrical 

engineering [10]. Therefore, the main aspect of our study is to investigate the effect of gamma rays 

on the characteristics of aluminum. 

The primary challenge in achieving accurate and high-quality measurements lies in 

implementing an effective automated adaptation mechanism for the gamma-spectrometer, 

particularly when faced with variations in key environmental parameters within the water medium, 

such as temperature and pressure. This paper outlines the outcomes of testing and fine-tuning 

procedures conducted on the autonomous automated calibration system for Cs137 gamma-

spectrometers. 

 
2. Methods 

 

In this work, optical and mechanical experimental methods were used to study radiation 

damage in the structure of an irradiated aluminum plate sample, both in the volume and in the surface 

layer with gamma radiation sources of radioactive isotopes Cs137 of 662 keV. The number of radiation 

sources, their location and the configuration of the chamber guaranteed a uniform gamma ray flux.  
The irradiation was performed in a closed chamber containing oxygen at normal room temperature. 
The irradiation rate was constant at 65 rad/s, and the maximum absorbed doses were ~108 rads. 
Aluminum plates were used with a thickness of 6 mm, area 5 cm2. 

A gamma radiation source of the Cs137 crystals were used as ionizing radiation, the flashes of 

which were recorded using light-sensitive devices as a photomultiplier tube (PMT) based on NaI (Tl) 

crystal. 

The NaI (Tl) scintillation detector coupled with a PMT operates as a highly efficient system 

for detecting and measuring gamma rays and other forms of ionizing radiation. The core component, 

the NaI (Tl) crystal, is a thallium-doped sodium iodide scintillator, which plays a crucial role in the 

detection process [11]. 

Figure 1 presents a block diagram illustrating the configuration of the spectrometer system. 

 

 
Figure 1 – Block diagram showcasing the electronics setup for a gamma-ray spectroscopy system 

employing a NaI (Tl) detector [12] 

 

Initially, the preamplifier gathers the charge accumulated on the anode via a capacitor, 

converting this charge into a voltage pulse. This pulse is then relayed to the subsequent amplifier for 

further processing. The magnitude of the voltage pulse at both the output of the preamplifier and the 

output of the linear amplifier is directly proportional to the energy imparted to the scintillator by the 

gamma ray being detected [12]. 

The Universal Computer Spectrometer (UCS) system is specifically engineered to interface 

seamlessly with personal computers via a USB connection. To ensure both stable performance and 
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minimal noise interference, the device utilizes an alternating current (AC) power source, 

accommodating a wide voltage range from 100 to 250 V AC through an automatically adjusting 

power supply. The device incorporates a microprocessor that functions as the central processing unit 

and data storage medium, facilitating direct communication with the PC through the USB interface. 

As a calibration sample was used Cs137 isotopes of round shape, 2.5 cm in diameter, which 

were placed on a tray located on the secondary rack. The parameters of gamma irradiation were set 

as follows: voltage 450 V, number of channels – 1024, fine grain – 1.0, course gain – 16, lower 

discriminator – 0, upper discriminator - 1024. After an interval of 500 seconds, spectral data were 

acquired. Reference values corresponding to characteristic isotope peaks were used to ensure the 

accuracy of the energy calibration. Control of calibration accuracy consists in calculation of 

backscattering peaks and Compton edge. 

After this calibration, the accuracy of registration is checked by calculation of backscatter 

peaks and Compton edge. At this stage, the Cs137 sample is moved to the third rack of the experimental 

setup and then an aluminum plate is installed.  

Optical absorption spectra were measured on a Phywe spectrometer corrected for the thickness 

of each sample. The mass absorption coefficient of the aluminum plate sample was determined, which 

is found using Lambert’s Law about the decrease of intensity of radiation [13]: 

𝐼 =  𝐼0𝑒−𝜇𝑥                                                               (1) 

Where: 𝐼 – intensity after the absorber; 𝐼0 – intensity before the absorber; μ – total-mass 

absorption coefficient, 𝑐𝑚2/𝑔 ; x - density thickness 𝑔/𝑐𝑚2.  

To determine the absorption coefficient, the natural logarithm of the ratio ln
𝐼

𝐼0
=  −𝜇 𝑥 was 

plotted and fitted to a linear regression line, where 
𝑁

𝑁0
=  

𝐼

𝐼0
 represents the net number of counts 

obtained in each measurement with the aluminum plate placed between the source and detector, and 

𝑁0 denotes the number of counts obtained without attenuation. The intensity I is proportional to the 

number of samples, so 
𝑁

𝑁0
 corresponds to the ratio of intensities 

𝐼

𝐼0
. 

To quantify the number of samples, a region of interest (ROI) around the 662 keV peak is 

defined. By selecting this region of interest in the program spectrum, the number of clean counts in 

this region as well as the full width half-maximum (FWHM) of the peak can be obtained. Then, by 

measuring the decrease in the number of clean counts in the 662 keV peak for each additional 

aluminum plate introduced between the source and detector, the absorption coefficient is calculated. 

For an extended view, we considered the effect of gamma radiations on the dielectric 

properties of aluminum. 

 
3. Results and Discussion 

 

Due to their high penetrating ability, gamma quanta can affect the electrophysical 

characteristics of metals, semiconductors and metals [14-16].  

Figure 2 depicts the dual peaks resulting from a Cs137 radioisotope. The energy spectrum of 

cesium-137 was calibrated at 450 V and gain 16 sec. The scan area covered energies from 590 keV 

to 706 keV. The clean counts are displayed in the lower right corner of the software interface, thus 

no aluminum plates were installed between the source and detector. The decay process primarily 

involves a beta emission, with over 93% of occurrences, leading to the 661.6 keV excited state of 

Cs137. 

Subsequently, decay to the ground state follows through a 661.6 keV gamma-ray emission. 

Additionally, there is consistently a noticeable peak of X-ray radiation at 32 keV [16-18], which 

serves as a calibration reference. Therefore, the main energy channel in cesium is at an energy of 662 

keV, and Compton scattering is observed at an energy of 30 keV. 

Two characteristic peaks are observed on the energy spectrum: the Compton edge peak and 

the backscattering peak, labeled with energies of 208.72 keV and 463 keV, respectively. 
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Figure 2 – Calibrated energy spectrum of Cs137 at 450 V 

 

The first of them is caused by Compton scattering of gamma-quanta on the detector electrons, 

and its energy is calculated according to the Compton equation at ϴ = 0 using the known value of the 

electron rest mass 𝑚𝑐2 = 511 keV. Accordingly, the energy of the Compton edge peak is 208.72 keV. 

The backscattering peak manifests itself as a result of backscattering of gamma quanta on the source 

electrons. Its energy corresponds to the energy of gamma quanta scattered by 180 degrees. Thus, the 

energy of the backscattering peak is 463 keV. 

For a more accurate calculation of the photon energy after scattering of the irradiated sample 

of cesium isotope, we used the following formula:  

𝐸′= 
𝐸

1+
𝐸

𝑚𝑐2 (1−cos 𝛳)
                                                       (2) 

Where: 𝐸′ – the energy of the scattered photon, keV; E – peak energy, keV; m – the mass of 

the electron, kg; c – the speed of light, 𝑚/𝑠; θ – the angle of scattering of the gamma-ray, deg. 

Figure 3 shows the gamma ray spectra of aluminum plate, which was placed between the 

radiation source and the detector during the measurements. 

 

 
Figure 3 – A calibrated energy spectrum of 137Cs acquired at a voltage of 450V and with a coarse 

gain setting of 16  

 

A ROI has been defined spanning from 590 keV to 706 keV. The net counts corresponding to 

this ROI are displayed in the bottom right corner of the software interface. An aluminum plate was 

positioned between the radiation source and the detector during the measurements. 

Given the premise that the energy of the scattered photon equals the sum of the energies of 

the scattered electron and the incident wave, we can derive the energy of the scattered electron as 
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follows: 𝐸𝑒
′  = 𝐸′= 𝐸, where, 𝐸𝑒

′  – the energy of the scattered electron, keV; 𝐸′– the energy of the 

scattered photon, keV; E - peak energy, keV. 

The calculated value of the backscattering peak energy for 137Cs is 184.32 keV and the 

maximum Compton edge energy is 477.34 keV. This close agreement with theoretical expectations 

indicates a well-calibrated system, as it reflects the expected energy level for backscattered photons 

in this experimental setup [17-19]. 

According to the data obtained in Table 1, the number of gamma photons that deviate from 

the photopeak due to photoelectric or Compton interactions occurring in the aluminum absorber 

placed between the radiation source and the detector was detected. 

 

Table 1 – The mass absorption coefficient of the Aluminium for E=662 keV 
The theoretical mass absorption coefficient, 𝑐𝑚2/𝑔 Experimental obtained mass absorption coefficient, 𝑐𝑚2/𝑔 

0.078 0.063±0.007 

 

  
a) before irradiation b) after irradiation 

Figure 4 – The dependence of frequency on dielectric permittivity 

 

Figure above shows the dependence of frequency on dielectric permittivity before (Figure 4a) 

and after (Figure 4b) irradiation. In the observed frequency range, an increase in frequency was 

accompanied by a slight decrease in the value of e. It was found that after irradiation of aluminum 

samples with 137Cs radionuclides to a dose of 108 rad, the dielectric constant remained almost 

unchanged over the entire frequency range, as shown in Figure 4b. 

Due to the fact that aluminum is characterized by a forbidden zone width Eg from 5.1 to 8.8 

eV, under normal conditions the concentration of electrons in the conduction band remains low, 

which entails negligible conductivity of this material. 

 
4. Conclusions 

 

In this work, the effect of gamma radiation 137Cs isotope source irradiation on the properties 

of aluminum was presented, detailed calibration of the spectrophotometer was performed by 

decomposition of energy spectra, determination of the mass absorption coefficient of aluminum, and 

the dependence of the dielectric constant of aluminum on gamma radiation was shown. 

As a result of the study, it was found that irradiation of aluminum samples with 137Cs 

radionuclides up to a dose of 108 rad has no significant effect on the dielectric constant of this material 

in a wide frequency range. The observed insignificant change in the electrical properties of aluminum 

after irradiation can be explained by its peculiarities, such as the width of the forbidden zone. Thus, 

the results of the study confirm the stability of dielectric properties of aluminum under irradiation 

with 137Cs radionuclides up to the considered irradiation dose. 
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