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RELATIVISTIC CALCULATION OF OSCILLATOR STRENGTHS OF THE RADIATION

TRANSITIONS BETWEEN BARIUM RYDBERG STATES

The combined relativistic energy approach and relativistic many-body perturbation theory with the zeroth order Dirac-
Kohn-Sham one-particle approximation are used for preliminary estimating the energies and oscillator strengths of radiative
transitions from the ground state to the low-excited and Rydberg states, in particular, 6s2 -6snp (n =7-30) transitions,
of the barium atom. The comparison of the calculated oscillator strengths with available theoretical and experimental
(compillated) data is performed. The important point is linked with non-accounting for the polarization effect contribution
into the oscillator strength value that has led to ~40% difference between the empirical (compillated) and theoretical data.

1. Introduction

The research in many fields of modern atom -

ic physics (spectroscopy, spectral lines theory,

theory of atomic collisions etc), astrophysics,

plasma physics, laser physics and quantum and

photo-electronics requires an availability of sets

of correct data on the energetic, spectroscopic

and structural properties of atoms, especially in
the high excited, Rydberg states. Naturally, the
correct corresponding data about radiative de-

cay widths, probabilities and oscillator strengths

of atomic transitions are needed in building ad-

equate astrophysical models, realizing regular

astrophysical, laboratory, thermonuclear plasma

diagnostics and in fusion research. Besides, a

great interest to studying Rydberg atomic states

parameters can be easily explained by a power-

ful development of such new fields as quantum
computing, and quantum cryptography, construc-

tion of new type Rydberg atomic lasers etc. Tra-

ditionally, considerable attention is devoted to

studying the energetic and spectral characteristics
ofthe light atoms (H, He, Li etc) and correspond -

ing multicharged ions. However, studying spec-

tral characteristics of heavy atoms and ions in the
Rydberg states has to be more complicated as it
requires a necessary accounting the relativistic ,
exchange-correlations effects and possibly the
QED corrections for superheavy atomic systems.

There have been sufficiently many reports of cal-

culations and com pilation of energies and oscil-
lator strengths for the barium and even Ba-like

ions (see, for example, [1-3] and refs. therein),

however, an accuracy of theses data call for fur-
ther serious analysis and calculation. In many pa-
pers the Dirac-Fock method, model potential ap-
proach, quantum defect approximation in the dif-
ferent realizations have been used for calculating
the energy and spectral properties of barium and
it has been shown that an account ofthe polariza-
tion interelectron corrections is of a great quan-

titative importance. The consistent relativistic

perturbation theory calculations ofthe transitions
energies and oscillator strengths for some chosen
transitions between
[4].
that for majority of the barium Rydberg states and

the Rydberg states are per-

formed in Refs. However, it should be stated

Ba-like ions with high values of a nuclear charge

Z, there is not enough precise information avail-

able in literatures [1-3]. In our paper the com -

bined relativistic energy approach and relativistic

many-body perturbation theory with the zeroth

order Dirac-Kohn-Sham l-particle approxima-

tion are used for preliminary estimating the en-
ergies and oscillator strengths of radiative transi-
tions from the ground state to the low-excited and
Rydberg states, in particular, 6s2 -6snp (n =7-50)
transitions, of the barium atom. The comparison
of the calculated oscillator strengths with avail-
able theoretical and

experimental (compillated)

data is performed. The important point is linked
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the many-body calculations is in accurate account
ofthe exchange-correlation effects [5-15]. How -
ever, in this preliminary studying the energy and

spectroscopic parameters of the barium spectra

we are limited by non-accounting for the polar-

ization effect contribution and other correlation

corrections. Its consistent and accurate account-

ing will be considered in the next paper. All calcu-
lations are performed on the basis ofthe modified

numeral code Superatom (version 93).

3. Results and conclusion

Table 1, 2 shows the energies and oscillators

strengths of the transitions between the terms of

the configurations 6s2 -6snp (n~50). Taking into

account a great size of the obtained data we are
limited below only by some data. As it has been

underlined above, here during this preliminary

studying the energy and spectroscopic parameters

of the barium spectra we were Ilimited by non-

accounting for the polarization effect contribution
and other correlation corrections. By the way, itis

well-known that the similar complicated atomic

systems, spectra and corresponding computing

the radiative parameters require very accurate

accounting for the different groups of the many-
body exchange-correlation effects (see, for exam -
ple, refs. [5-25]). Moreover, only such a way is
able to provide spectral data with sufficient accu-
racy for modern spectroscopic applications. Such

calculations are now in progress and more full

information will be presented in the next papers

special Preprint.

Table 1

The energy (cm -1) and the oscillators strengths

of 6s2-6snp transitions (see text)

Transition Terms E (cm -1) gf gf (our)
[2] [2]
6s2-6s13p 1S-1P o 40763 2.1-4 1.3-4
6s2-6s15p 1S-1Po 41183 1.4-3 0.8-3
6s2-6s16p 1S-1Po 41306 6.0-4 3.8-4

Table 2

The energy (cm -1) and the oscillators strengths

ofthe 6s2-6snp transitions (n = 16-30; our data)

Transition Terms E (cm -1) gf
6s2-6s16p 1S-1Po 41306 3.7-4
6s2-6s20p 1S-1Po 41615 0.6-4
6s2-6s21p 1S-1Po 41662 1.8-5
6s2-6s30p 1S-1Po 41871 2.2-5

W e are planning to pay especial attention on

the accurate accounting for the different groups

of the many-body exchange-correlation effects

and consider a problem of using the optimized

one-particle representation and account for the

polarization effect. It is obvious that a possible

estim ate ofthe gauge-non-invariant contributions
(the difference between the oscillator strengths
values calculated with using the transition opera-
tor in the form of length and velocity) will be of
order 40% , i.e. results, obtained with using dif-
ferent photon propagator gauges (Coulomb, Lan-
dau etc) differ significantly (see [6, 60-62]).
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RELATIVISTIC CALCULATION OF OSCILLATOR STRENGTHS OF THE
RADIATION TRANSITIONS BETWEEN BARIUM RYDBERG STATES

Summary

The combined relativistic energy approach and relativistic many-body perturbation theory with the
zeroth order Dirac-Kohn-Sham one-particle approximation are used for preliminary estimating the
energies and oscillator strengths of radiative transitions from the ground state to the low-excited and
Rydberg states, in particular, 652—6snp (n =7-50) transitions, of the barium atom. The comparison of
the calculated oscillator strengths with available theoretical and experimental (compillated) data is
performed. The important pointis linked with non-accounting for the polarization effect contribution
into the oscillator strength value that has led to ~40% difference between the empirical (compillated)
and theoretical data.

Key words: relativistic theory, oscillator strengths, radiative transitions
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PEATHBHCTCKHH PACHET CM O~AHM fITOPOB PV.UIUL.AIIHOHHEIX
nEPEXOAOB M E "y PH"EEPrOBCKHMH COCTOfIHHAMMH EAPHfI

Pe3M Me

KOMdHHHpOBaHHbIH penfITHBHCTCKHH ~Hep"HTHHeCKHH nOgxOg u penflTHBHCTCKaa Teopufl
B03My”reHHH MHorux Ten ¢ gHpaK-KOH-m"MOBCKHM ogHonacTHHHbIM npuGnu”~eHHeM HyneBoro
nopngKaucnonb3yroTcn gnn npegBapuTenbHOh o hku "Hep”HH u cun o”unnnTopoB pagHa”HOHHDbXx
nepexogoB u3 ocHoBHoro cocronHun b Hu3Kue BO36y*geHHbie u pug6eproBcKue cocTonHun, b
nacTHocTH, 652—6snp (n =7-50) nepexogoBaupMa 6apun. BbinonHeHO cpaBHeHue pacneTHDbix cun
ofunnnTopoB ¢ uMeroruMucn TeopeTunecKuMu u "KC”epHMeHTanbHbMH gaHHbMu. Ba“Hehman
oco6eHHocTbhb cB«3aHa c HeyneTOM BKnaga b BenunuHy cunb o~unnTopa, o6ycnoBneHHoro "$$eKTOM
~AonnpH3a”HH ocToBau HeKOTopiMugpyruM u Koppenn*HOHHbMH nonpaBKaMu, hto npuBoguT k~40%
OTnunuro Me*gy "KC”epHMeHTanbHbMH (KoMnHnnupoBaHHHMH) u TeopeTunecKuMu gaHHHMH.

KnroneBwe cnoBa: pennTHBucTcKan Teopun, cunb ocunnnTopoB, pagHa”"HOHHbe nepexoghb.
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PEATHBICTCEKHH PO3PAXYHOK C M OA~AHILtffITO PIB IH."ITAIIIMIIIIX
I11TPIXQ/IIBM m PI"BEPriBCEKHMH CTAHAMH BAPM

Pe3M Me

KoM 6iHOBaHufi pennTuBicTcbKufi eHepreTunHufi nigxig i pennTuBicTcbKa 6araTonacTuHKOBa
Teopin 36ypeHDb 3 gipaK-KOH-meMiBcbhbKuM ogHonacTuUHKOBuUM Ha6nu*eHHnM HynbOBoro nopngKy
BuKopucTOByroTbcn gnn nonepegHboi ochku eHeprifii cun oc~unnTopiB pagia”HHux nepexogiB
3 ocHOBHoro cTaHy b Hu3bKO 36yg*eH i i pigéepriBcbKi cTaHu, 30KpeMa, 6s2 -6snp (n = 7 -50)
nepexogiB aTOMa 6apin. BuKOHaHO nopiBHnHHNn po3paxyHKOBux cun o”unnTopiB 3 HanBHuMu
TeopeTunHuMu i eKcnepuMeHTanbHuMu gaHuMu. HaHBa*nuBima oco6nuBicTb gaHoro po3paxyHKYy
noB’'n3aHa 3 HeBpaxyBaHHNM BKnagy b BenunuHy cunu o”~unnTopa, 06yMOBneHoro e”"eKTOM
nonnproa”i ocTOBa Ta geKOTpuMu iHmuMu Kopenn"HHuMu nonpaBKaMu, ~o npu3BoguThb go
~ 40% BigMiHHocTi M i* eKcnepuMeHTanbHuMu (KOMninnipoBaHHuUMu) i TeopeTunHuMu gaHuMu.

KnronoBi <cnoBa: pennTuBicTcbKa Teopin, cunu orunnnTopiB, pagiaHHHi nepexogu,

pigbepriBcbKi cTaHu.
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