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1. Development of the experimental base.
Specialized experimental station.
A new specialized experimental station of positron annihilation spectroscopy (PAS) was developed, manufactured, and installed (Fig. 1). This station was developed for the study of samples by the DBAL method (Doppler broadening of the annihilation line) on a flow of monochromatic positrons, both with one detector and with two detectors with the possibility of registering the coincidence of two annihilation gamma quanta. The new station provides places for placing equipment for the PALS (Positron Annihilation Lifetime Spectroscopy) method on an ordered flow of positrons – a method being developed within the framework of the project. Vacuum tests of the station were carried out, and in 2021 the station was installed in its regular place. The test of the station showed a significant acceleration of the studied samples installation, the speed of sample measurement increased.
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Fig. 1. The new specialized experimental station PAS.
a) the scheme of the station and the placement of detectors, b) photos of the station.
Positron flow ordering system.
The positron flow ordering system is part of the created positron Lifetime Measurement spectrometer (PALS). The ordering of the positron flow occurs because of the particle passage the acceleration gap of the RF resonator. The resonator was installed in a vacuum chamber, test signals were applied to it. The installation of the resonator did not affect the quality and speed of sample measurement in the new specialized experimental station by the DBAL method. Work is underway to create a system for generating and supplying a special-shaped RF voltage to the resonator, which is formed when three harmonics of a sinusoidal voltage are mixed.
Reactive ion etching system.
To realize the possibility of studying thin-film samples, a reactive ion etching system was developed (Fig. 2). Its basis is the purchased ion source from PREVAC. A test run of the ion source was carried out.

Fig. 2. Ion source.
2. Experimental studies by PAS methods.
Experimental studies were done in several directions.
Research of materials and structures for new detectors.
1. Ultra-wideband Ga2O3 and its associated solid solutions are of great interest for the development of powerful new generation electronic devices and photosensitive photodetectors protected from sunlight.
One of the attractive features of the Ga2O3 system is its high radiation resistance, which makes it suitable for operation in harsh radiation conditions, such as outer space.
The type and distribution of defects from different doses of proton irradiation in Ga2O3 thin films were studied by the DBAL method on a beam of monochromatic positrons (Fig. 3). The results of these studies and conclusions were published [10].
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Fig. 3. (a) The S parameter dependence on the implanted positron energy. The upper axis corresponds to the mean calculated positron penetration depth; (b) the same for the W parameter. The black lines are the results of fitting.
2. Diamond is known as a perspective broadband semiconductor due to its cubic crystal structure and strong covalent bonds of carbon atoms, as well as record high atomic density. However, many unique properties and prospects of high-tech application of diamonds are limited by the high concentration of various types of defects in its crystal lattice.
From a practical point of view, the presence and concentration of defects can be both negative and positive factors. In the first case, their detection helps to reject products and improve the manufacturing processes of diamond growing. In the second case, varying the concentration of defects makes it possible to obtain the unique properties of the diamond.
Spin manipulation techniques combined with methods of growing high-quality diamonds are already leading to the creation of quantum devices and applications. The interest in defects in diamonds and the mechanism of their transformation is of interest for fundamental science and for the development of technologies for obtaining mono crystals of diamond with specified properties.
Vacancy-type defects are the most interesting of all types of crystal lattice defects. One of such defects is the nitrogen vacancy center (NV-center). This is a type of point defect in diamond, in which one carbon atom in the diamond crystal lattice is replaced by a nitrogen atom, and the neighboring lattice node remains vacant. The possibility of photostable generation of single photons allowed the use of NV centers in the creation of quantum optical networks, as well as for reading the electron spin suitable for quantum information processing and applications in quantum probe.
Today, positron annihilation spectroscopy, along with optical methods, is an actual method of studying NV centers. This method of investigation is extremely sensitive to the detection of defects at the level of the crystal lattice.
At the PAS facility of the JINR Nuclear Problems Laboratory, studies were carried out by the DBAL method on two samples size 4 x 4 mm and 1.5 mm thick, cut from two plates grown at high pressure and high temperature using the temperature gradient method. The samples were impact by electron beams of varying intensity and energy. Detailed results are presented in [15].
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Fig. 4. Example of data obtained by measuring synthetic diamonds.
3. The development of photonic devices based on GeSiSn materials compatible with silicon technology in the infrared range of about 2 microns and above opens up the possibility of their application in such areas as sensorics (gas and biological sensors), biomedical diagnostics and environmental monitoring, as well as astrophysics. GeSiSn crystals are considered as a material for creating economical, silicon-compatible photodetectors in the middle and far infrared ranges.
The DBAL method was used to study the distribution of vacancies during the creation of such layered structures (Fig. 5).
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Fig. 5. An example of the structure of one of the samples.
Studies of modification of materials after ion implantation.
As in the previous period of the project, studies of materials modification after ion implantation were continued. Most of the research was focused on semiconductors.
Studies of radiation damage and related phenomena.
The research started in 2019 on materials of IV generation reactors, such as SiC and tungsten, has been continued. These materials must work under conditions of increased irradiation. The influence of grain boundaries, inclusions, and other defects on the resistance to irradiation, in nanocrystalline Ti, Zr/Nb thin-layer structure, has been studied. Measurements were carried out using PALS and DBAL methods.
Investigation of damages resulting from mechanical influences.
In this direction, studies have been conducted on the effect of mechanical action on pure titanium.
During the reporting period, more than 300 measurements of various samples were carried out.
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