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Relativistic calculations of critical distances for one-electron and two-electron homonuclear quasi-molecules
D.V.Mironova

Collisions involving highly charged ions allow for sensitive tests of relativistic and quantum electrodynamics effects in supercritical external Coulomb fields. It is possible if the total charge of the colliding ions Z = ZA + ZB is larger than the critical value Zc ≈ 173. In heavy-ion collisions the ground state level of quasi-molecule dives into the negative-energy Dirac continuum for internuclear distances R less than Rc.
In calculations the new method was used for solving two-center Dirac equation. The wave functions are expanded in terms of Dirac and Dirac-Sturm basis functions, which are central-field 4-component Dirac bispinors centered at the ions. The radial parts of these orbitals are obtained by solving numerically the finite-difference radial one-center Dirac and Dirac-Sturm equations. In calculations a non-Coulomb relativistic Sturm basis set was used, which is obtained by solving numerically the Dirac-Sturm equations with a special choice of the weight function W(r). This allows to include any central-field potential in the radial equations for the large and small components of the basis functions.
Conclusions and findings.
	The critical distances for some one-electron and two-electron quasi-molecules (88≤ Z≤102) were calculated.
	The finite nuclear size was taken into account using the Fermi model and the uniformly charged sphere model of the nuclear charge distribution. 
	To test the quality of the two-center expansion the relativistic calculations for the ground-state energy of some one-electron and two-electron  quasi-molecules (88≤ Z≤102) at ``chemical’’ distance R = 2/Z (a.u.) were performed.
	The relativistic ground-state energies of  quasi-molecules H2+, Th2179+ and U2183+ were calculated more accurately. The relativistic ground-state energies of some  two-electron  quasi-molecules were calculated for the first time.




