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New scheme to quantization and computing of the quasi-stationary states for the
many-body Dirac equation and computing the satellites spectra of three-quasiparticle

systems

Yu. G. Chernyakova, L. A. Vitavetskaya, I. N. Serga

OSENU, Odessa, Ukraine

E-mail address : quantche@mail.ru

Here we predent an new numerical algorithm to computing energy spectra of N-particle finite
quantum (atomic) systems and implemented new scheme of quantization of the stationary (quasi-
stationary) states of the Dirac-Fock equation. In difference of our previous similar self-conjunctive
versions [1], new method has a few new elements which provide its more effectiveness. The first new
element is using of ab initio gauge-invariant version of the quantum electrodynamics perturbation
theory for the N-quasi-particle systems with using optimized Dirac-Fock-Slater equation relativistic
orbital basis’s generation scheme [2]; second element is using optimized Fano-Byorke type procedure
for computing the perturbation operator matrix elements between the N-quasi-particle states. The
third element is taken from our previous theory and results in an accurate accounting the complex
exchange-correlation effects by using the mnost effective many-body density dependent functionals
[3]. It has been prooved the theorem establishing a link between gauge non-invariant contributions
into the matrix elements and quality of the relativistic eigen functions basis of the corresponding
Dirac-Fock-Slater Hamiltonian.

As applicatin of a new approach we present the results of computing energy and spectral pa-
rameters for dielectronic satellites of in spectra of the neon- and sodium mulcicharged ions. There
are listed new data on the spectra levels energies, different contributions of the relativistic and
exchange-correlation corrections, line intensities distribution for transitions between configurations
with great number of lines [3]. For comparison there are listed the test data obtained within differ-
ent methods, namely, multi-configuration Dirac (Hartree)-Fock calculation, standard and advanced
density-functional theories. It has been shown that a new scheme provides quite high accuracy in
comparison with the stadard methods and is to be most effective in studying the complex configu-
rations, where it is realized an intermediate case [3].
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