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Summary of Research Interests

1) NUCLEAR REACTIONS INDUCED BY X-RAYS IN CRYSTALS

Most physical processes determining the evolution of stars, are caused by nuclear reactions occuring inside them  at low collision energies (~10 keV). Because of the Coulomb repulsion, the traditional way of measuring these cross sections in accelerators, does not work at low energies. Recently, we have proposed and experimentally tested a new method for inducing nuclear reactions at low energies [a paper is under review in Phys.Rev.C]. Instead of colliding free moving nuclei, we supply (with the X-rays) additional energy to nuclei that compose a crystalline lattice. In a solid body, the nuclei oscillate near the equilibrium points at thermal energies (~0.1 meV). There are roughly the Avogadro number of such nuclei in a macroscopic piece of material. They occupy different oscillation levels with the Boltzmann distribution. When exposed to X-rays, the nuclei jump up and down over the levels and the distribution changes. As a result the high-energy levels become occupied. Of course the occupation probability for such levels is very low, but this is compensated by very large number of available nuclei (Avogadro number). In other words, at any given instant of time there are at least few nuclei oscillating with a high energy (~10-100 keV). These nuclei are able to penetrate through the repulsive Coulomb barriers separating them from the neighbouring nuclei, and experience the collisions that may lead to nuclear reactions. We have developed a theory of such a process for Lithium-Deuteride crystal and experimentally detected the fusion reaction d + Li6 ---> Be8, when exposed the crystal to X-rays. The reaction rate turned out to be very low (1 event every half an hour) but still easily measurable. In the next few years, we are planning to improve the theory and repeat the experiment with different detectors; we also plan to consider different substances and different nuclear reactions. This is a very promising research that may develop into a completely new branch of nuclear physics intersecting with solid-state physics and nuclear astrophysics. There are many possibilities for postgraduate students (at all levels) to take part in this research.

2) POWER-SERIES EXPANSIONS OF THE JOST-MATRICES IN THE COMPLEX ANGULAR-MOMENTUM PLANE

During the last several years, we generalized the “Effective-Range Theory” for expanding the multi-channel Jost matrices in power-series of the energy around an arbitrary point on the Riemann surface. Currently, based on a similar idea, we are developing the expansion technique in the complex angular-momentum plane. In conjunction with  Watson transformation, this will enable us to effectively sum up slowly convergent partial-wave series.

3) A NEW METHOD FOR EXTRACTING RESONANCE PARAMETERS FROM EXPERIMENTAL DATA

Our method [Int. J. Mod.Phys. E22,1350032(2013)]  is based on a rigorous semi-analytic expression for the N-channel Jost matrix derived in our previous works. All the factors responsible for the “bad behaviour” of the Jost matrix (i.e. factors depending on the Sommerfeld parameters and the channel momenta responsible for the branching of the Riemann surface) are given explicitly. The remaining unknown factors are analytic and single-valued functions of E defined on a simple energy plane. These functions are expanded in the Taylor series, and the expansion coefficients serve as the fitting parameters. After obtaining the Jost matrix in this way, the resonances are sought as the zeros of its determinant on the appropriate sheet of the Riemann surface. The main advantages of our approach are its mathematical rigor and model-independence. I am planning to apply this method to analyze various sets of data.

4) BOUND AND RESONANT STATES OF VARIOUS HYPERNUCLEI

A nucleus containing one or more Lambda hyperons is called hypernucleus. The studies of hypernuclei shed light on the properties of neutron stars where the Lambda particles are created in large quantities due to gigantic gravitational pressure. Using our Jost-matrix method, we analyse the spectra of various few-body hypernuclei [Nucl.Phys.A803,210(2008)].

5) STARK EFFECT IN SEMICONDUCTOR NANO-STRUCTURES

The artificially grown crystals, known as one-dimensional nanostructures, are composed of alternating layers of different semiconductor materials with nano-meter thickness. For electrons and holes moving perpendicularly to the layers, they represent a one-dimensional alternating sequence of potential wells and barriers. We will use our Jost-matrix approach to develop a new method for solving the problems of bound, scattering, and resonant states of charge carriers in the nanostructures. The method will allow us to accurately take into account the space-charge of the carriers and the external electric field (Stark effect). We have already successfully used the Jost functions to describe the nanostructures without space-charge and external fields [Phys.Rev.B68,195320(2003), Phys.Rev.B70,205323(2004)].

6) PROPERTIES OF THE QUANTUM DOTS

Two-dimensional traps for electrons (quantum dots) can be treated using the Jost-function method which we recently adapted for such problems [J.Phys.A45,135209(2012)]. Our plan is to develop a full-fledged theory of such states and to apply it in solving some realistic problems of this kind.
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