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Contemporary atomic theory, using numerical met-
hods, allows to calculate energy spectra, transition ener-
gies and probabilities, interactions with external fields,
hyperfine interaction shifts, and other effects in multi-
electron atoms and ions. In some cases these methods
and appropriate computational strategies allow to reach
accuracies of 1% or better, compared to experimental re-
sults.

Paul Dirac was the first to mention a possible varia-
bility of fundamental constants in expanding universe [1].
Such a change may manifest itself in spectra of distant qu-
asars, due to the dependence of atomic energy levels on
the fine-structure constant a, which is responsible for the
strength of electromagnetic interaction between electric
charges. So far the researches on the time and space va-
riability of @ yield inconclusive results — there are indi-
cations of directional dependence [2], but no definite time
variation of @ has been confirmed yet. One of the methods
relies on comparing the transitions frequencies in quasar
spectra with present laboratory values.

In this work Si* and Ti* ions energy spectra and
their @-dependence are calculated using Grasp2k [3] re-
lativistic atomic structure package. In order to calcula-
te energy spectra, multiconfiguration Dirac-Hartree-Fock
(MCDHF) approach and relativistic configuration inte-
raction (RCI) method, which includes Breit and quantum
electrodynamic (QED) corrections (vacuum polarization
(VP) and self-energy (SE)), are used [4]. Then, calculated
energy spectra values are compared to values recommen-
ded by the National Institute of Standards and Technology.
Subsequently, energy spectra are calculated using the sa-
me method with different @ constant value. A particular
transition frequency w dependence on @ constant may be
approximately expressed by linear function:

w = wo + gx, (1)

x= [(%)2—1}. )

wo is the laboratory value of the transition energy (i.e. wi-
th contemporary @ value @ = aq ).

The g coefficient, which is basically an inclination
coeflicient, represents the transition energy sensitivity to
a variation. Calculations of ¢ coefficients make it possi-
ble to compare laboratory spectra with quasar absorption
spectra. This in turn yields an estimate of « variation. Al-
so, calculations show the dependence of g coefficient on
relativistic effects.

where

The first column of the Table 1 presents the calcula-
ted g coefficients for several energy levels of Si II and Ti
Il ions, together with Breit and QED corrections. Final g
coefficients with all calculated corrections are presented
in the last column.

Table 1. Si II and Ti II g parameter values including dif-
ferent corrections.

Energy levels qmMcDHF AgBreit Aqvp Aqse g

Sill
3s*3p 2Py, 0 0 0 0 0
35 28 3p2(3P) “P1)o 472 -1 0 -32 439
35 28 3p%(;P) 4 P32 588 -7 0 -32 549
35 283p*(3D) 2D3;p 531 -17 1 -22 493
35% 4s 281 40 21 0 5 24
Ti Il
3d%(3F) 3F 45 *F3)2 0 0 0 0 0
3d*3F)*FapiGe, 400 51 -28 378
3d°(3F)°Fap *Fg, 592 -8 0 -29 555
3d*(3F)°FAp*Fg, 135 23 0 -28 684
3d*(3F)3F 4p *D¢ P 9 0 -28 733
3d°(3F)*F4p>Dg, 922 37 0 -28 857
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