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Relativistic density functional theory:  exchange-correlation, nuclear, QED corrections for finite Fermi-systems
Alexander V. Glushkova), Svetlana V. Malinovskayaa) and Yulia V. Dubrovskayaa)
a) Odessa State University – OSENU, Odessa, 65009, Ukraine  
The work is devoted to a further development of the DFT [1,2] to provide to a precise description finite many-body Fermi-systems (heavy atoms, molecules). We present a gauge-invariant relativistic DFT to description of multi-body atomic and nuclear systems with an effective and precise accounting for exchange-correlation, nuclear, radiative effects. The zeroth approximation is generated by the effective ab initio DF, constructed on the basis of the comprehensive gauge invariance QED procedure [3]. The wave functions zeroth basis is found from the Dirac-Kohn-Sham or Dirac-Woods-Saxon-Kohn-Sham equations. The potential includes an electric and vacuum-polarization potentials of a nucleus (the Gauss models and relativistic mean field are used [4]). Within QED theory an effective ab initio perturbation theory procedure is used for construction of the optimized orbital DKS wave functions basis. It provides a refinement of the standard DKS approach and well-known Davidson natural orbitals approach. In the fourth QED perturbation theory there are diagrams, whose contribution into imaginary part of radiation width ImdE of the quantum system accounts for the core polarization multi-body effects [3]. This contribution describes collective correlation effects and it is dependent of the photon propagator gauge (non-invariant ones). A minimization of the functional ImdE leads to the integro-differential DKS like equations, which are solved using the atomic code. It has been proved the theorem, generalizing the known Grant theorem. The gauge problem in the relativistic DFT is considered at first on the level of QED and QCD from the point of view of construction of the optimal one-particle functions sets.  The magnetic inter-electron interaction within the theory is accounted for in the lowest order on the fine structure constant. Radiative corrections (the Lamb shift self-energy part and the contribution due to the polarization of vacuum) are taken into account in the generalized Uhling-Serber approximation and the Green’s functions method for the DKS equation with non-singular potential and complex energy. The fundamental principle of an exactness of radiation widths results for many-electron atoms within amplitude scheme in the forms of “length” and “velocity” is treated as a checking criteria. Some illustrative data are listed. 
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