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· NRF: a panel member of the committee that evaluates projects for international collaboration (I participate in the NRF meetings once a month).

· JOURNALS: regularly review papers submitted to leading international journals, such as Physical Review, Physical Review Letters, Journal of Physics, Nuclear Physics, and others.
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· Member of the South African Institute of Physics.
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Dr. Rakitianski is taking part in the project Free High School Science Textbooks (FHSST). The FHSST is the contribution of a group of scientists towards furthering science education in South Africa. The aim is to provide free science textbooks for Grades 10 - 12 to all South African learners. Within this project, the participants are writing (free of charge) textbooks on Physics, Chemistry and Mathematics. These books will be available for free on the Internet as PDF files. Besides this, hard copies of the books will be distributed in South African schools also for free. The ”Physics” textbook is almost ready. Its preliminary version is available at http://www.nongnu.org/fhsst/index.html

Dr. Rakitianski’s personal contribution to this book is the chapter on nuclear and particle physics. It is entitled ”Inside atomic nucleus” and is approximately 50 pages (this chapter has been completed).
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Summary of Research Interests

Jost function for analytic potentials

During the last few years we developed an exact and practical method for direct calculation of the Jost function for all complex momenta of physical interest, including the spectral points corresponding to bound and resonant states. We derived new linear first order differential equations  that are equivalent to the Schrödinger equation. Solving them along an appropriate line in the complex coordinate plane, one obtains the Jost function  for any given values of complex momentum and angular momentum. At present, I am developing this method into a full theory with all necessary proofs, and generalizing it to treat all complications arising with multichannel, Coulomb, and singular potentials.

Theory of quantum resonances

Locating quantum resonances was always a difficult problem in quantum mechanics.  Using  our method  for  the Jost function calculation,  it becomes possible to locate  extremely wide as well as extremely narrow resonances with or without the  Coulomb interaction and for noncentral potentials which couple states of different angular momenta. The method is also extended to locating the Regge trajectories,  multichannel problems, singular potentials, and to the class of few-body problems which can be treated within the hyperspherical approach. This extention enabled us to locate the subthreshold resonances in the three- and four-neutron systems, namely, E(nnn)=(4.9(i6.9 (MeV) and E(nnnn)= (2.6(i9.0 (MeV), which were unsuccessfully searched by other methods many times before.  At present I am developing  the Jost function theory for locating quantum resonances generated by non-local potentials.
Resonances in semiconductor nano-structures

The artificially grown crystals known as the nano-structures are composed of alternating layers of different semiconductor materials with nanometer thickness. The materials used in them, have different energy-gaps between the valence and conduction bands. As a result, for the conducting electrons and holes, the layers represent a one-dimensional alternating sequence of potential wells and barriers.  I am developing an exact method for direct calculation of the Jost matrix together with the Jost solutions for a one-dimensional two-channel problem  that corresponds to the motion of a particle on an infinite line. A combination of the variable-constant method with the complex coordinate rotation is used to replace the Schroedinger equation by an equivalent system of linear first-order differential equations. In contrast to the existing methods for locating resonances in the nano-structures, the Jost function approach is exact and treats the bound and all types of resonant states in a uniform way as the S-matrix poles in the complex energy plane. The effect of the external electric field can also be included in an exact way.
Interaction of  the  η-mesons with light nuclei
The production of (-mesons and their collisions with nuclei have been studied experimentally and theoretically with increasing interest during the last years. To a large extent this is motivated by the fundamental questions of charge symmetry breaking, the breakdown of the Okubo-Zweig-Iizuka rule, and the possible restoration of chiral symmetry in a nuclear medium. Another relevant question concerns the possible formation of (-nucleus quasibound states. Estimates obtained in the framework of the optical potential and Green's function methods put a lower bound on the atomic number A which is needed to bind an (-meson inside a nucleus, namely, A(12. In our papers published during the last five years, we presented the first microscopic calculations concerning the low-energy scattering of (-meson from 2H, 3H, 3He, and 4He nuclei. The few-body dynamics of these systems was treated in our calculations by employing the Finite-Rank Approximation and the exact Faddeev type equations. By locating the S-matrix poles in the complex momentum plane, we showed that even very light nuclei can bind the (-meson, i.e. the constraint A(12 is too strong. The dismissal of this constraint boosted the activity around this problem. In several experimental and theoretical investigations which followed our publications, similar results were obtained.  We predicted near-threshold (-deuteron resonance which may explain recent experiments by Uppsala and Giessen-Mainz groups who found the enhancement of near-threshold (-production in the reactions np(d( and (d(np(. This also  urged us to study the processes of  (-production on light nuclei in a microscopic model with the adequate treatment of the few-body dynamics.
Nuclear astrophysics
During a short period of cosmic history, between about 10 and 500 seconds after the Big Bang, the primordial abundances of light elements were formed via the pp-chain fusion. A comparison of the predictions for these abundances with the corresponding astronomical data is one of  the key tests of the Big Bang theory. In the standard model it is assumed that all the reactions forming the pp-chain, are generated by various two-body nucleus-nucleus and electron-nucleus collisions. However, due to the high densities, some intermediate products of this chain can  emerge from three-body initial states as well. The role of the three-body collisions was not yet estimated properly, but the three-body states have different selection rules and, therefore, in principle could significantly change the whole picture of the nucleosynthesis. This can be said not only about the processes in the early universe but also about burning of hydrogen in the main sequence stars.  We performed (for the first time) a microscopic analysis of several nuclear reactions not included into the standard model of the pp-chain, such  as e+p+d ( 3He+e  and e+3He+4He (  7Be+e. For the synthesis of  7Be, for example, we found that at the earliest stages of the Big Bang  nucleosynthesis, when the temperature was ~3(109 (K, the non-radiative (three-body) reaction was ~5 times faster than the radiative fusion 3He+4He  (  7Be+(  . Our finding raises the question about the importance of other three-body reactions not included in the pp-chain.

Nucleus-nucleus reactions inside molecules
Nuclei, being confined in a molecule for a relatively long time, can penetrate through the Coulomb barrier and interact via strong forces at        sub-keV energies which can never be achieved in collision experiments. Having performed microscopic analysis of several muonic       molecules, we found that among all possible nucleus-nucleus reactions inside them there is a special class having a rather high probability of       occurrence due to a correlation between the spectra of the nuclei involved, and this is applicable not only to muonic but to ordinary     (electronic) molecules as well. In particular, if a compound nucleus has a narrow excited state close to the threshold energy (zero relative       energy) of the fragments which constitute the molecule, then the probability of their fusion can be very high. Moreover, the smaller the gap       between this excited state and the threshold energy, the faster nuclei penetrate through the barrier. A very interesting example is ordinary       water molecule. The threshold energy of the system pp16O coincides exactly (within experimental errors) with the energy of an excited state       of the nucleus 18Ne. Hence, the wave function of 18 nucleons in the molecule H2O, in addition to the clustered configuration  pp16O, must       have small admixture of the compound state 18Ne*(1(). Investigating the muonic molecules, we found that such mixing could enhance rate of       the fusion reaction in many orders of magnitude. Therefore, if excited to a rotational state with quantum numbers 1(, the water molecule H2O        can spontaneously collapse via the nuclear reaction  pp
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), which means that water, in principle, can burn. In ordinary        water, however, all the molecules are bound in clusters consisting of several dozens of them. Even in steam these clusters remain tightly        bound and therefore individual molecules cannot rotate.   We are planning to estimate the rate of the reaction pp16O  ( 18Ne*(1() in the water molecule H2O ("burning of water") and few other fusion    reactions in several diatomic molecules.
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