I'. O. Ky3nenona, A. B. I'mymikos, M. 1O. I'ypceka, A. A. bysmxu, B. b. TepHoBChkuit

ONTUYHI, ONTOENEKTPOHHI | PAOIALINHI
CEHCOPW

OPTICAL AND OPTOELECTRONIC AND
RADIATION SENSORS

PACS 31.15.A-; UDC 539.184
DOI http://dx.doi.org/10.18524/1815-7459.2018.4.150501

OPTIMIZED RELATIVISTIC OPERATOR PERTURBATION THEORY
IN SPECTROSCOPY OF MULTIELECTRON ATOM IN AN ELECTROMAGNETIC
FIELD: SENSING SPECTRAL PARAMETERS

A. A. Kuznetsova', A. V. Glushkov’, M. Yu. Gurskaya®, A. A. Buyadzhi’, V. B. Ternovsky”?

! National University “Odessa Maritime Academy”, Didrikhson str. 8, Odessa, Ukraine
2(Qdessa State Environmental University, L’vovskaya str. 15, Odessa, 65016, Ukraine
E-mail: kuznetsovaa232@gmail.com
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SENSING SPECTRAL PARAMETERS
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Abstract. It is developed the optimized version of relativistic operator perturbation theory
approach to calculation of the Stark resonances energies characteristics (energies and widths) for
the multielectron atomic systems in an electromagnetic field. A new approach allows to perform
an accurate, consistent treatment of a strong field DC(AC) Stark effect and includes the physically
reasonable distorted-waves approximation in the frame of the formally exact relativistic quantum-
mechanical procedure. As illustration, some test data for the Stark resonances energies and widths
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in the heavy multielectron atoms (caesium, francium) are presented and compared with results of
calculations within the alternative consistent sophisticated methods etc.

Keywords: multielectron atom in an electromagnetic field — modified relativistic operator
perturbation theory — Stark resonances

OIITUMI3OBAHA PEJIATUBICTCBKA OIIEPATOPHA TEOPISA 35YPEHD B
CIIEKTPOCKOIII BATATOEJIEKTPOHHOI'O ATOMY B EJJEKTPOMATHITHOMY
HOJII: AETEKTYBAHHSA CIHEKTPAJIBHUX ITAPAMETPIB

I O. Kysneyosa, A. B. Inywkos, M. IO. ['ypcoka, A. A. Bysioorcu, B. b. Teprnoecokuii

AHoTauis. Po3poGreHa onTuMizoBaHa Bepcist HOBOTO METOAY PENSATHBICTCHKOI ONIEPaTOPHOT Te-
opii 30ypeHb 3 METOI0 OOUMCIIEHHS XapaKTEPUCTHK MTAPKIBCHKUX PE30HAHCIB (€HEpPTii 1 IUPHHN)
JUIs 0araToesIeKTPOHHUX aTOMHUX CHCTEM B €JIEKTpOMarHiTHoMy moii. HoBuif miaxin mo3Bosisie
BUKOHATH KIJIbKICHO MPEIU31HHUIA 1 TEOPETUUHO MOCHIIJOBHUHN onuc cuibHO-11ons0B0r0 (DC, AC)
edexty IllTapka i Bkitouae B cebe (PismuHO OOIpyHTOBaHE HAONMKEHHS MEPEKPYyUYECHUX XBUJIb B
paMkax (hopMalIbHO TOUHOI PENATUBICTCHKOT KBAHTOBO-MEXaHIYHOT IpolieypH. B sikocTi imocTpa-
i1 IpeACTaBJIeHI JesiKi TECTOBI JaHi U €HEepriil 1 MUPHUHU MITAPKIBCbKUX PE30HAHCIB Y BAKKUX
OaraTtoeneKTpOHHUX aTtoMmax (1e3iil, ppaniiii), siKi HOPIBHIOIOTHCA 3 pe3yIbTaTaMU PO3PaxyHKIiB B
paMKax aJbTepHATUBHUX MOCIIJOBHUX METOIIB.

KirouoBi ciioBa: 6araroeneKTpOHHUN aTOM B €JIEKTPOMArHITHOMY T0JIi - MOJIM(iKOBaHa pelisi-
TUBICTCBKA OIlepaTopHa Teopisi 30ypeHb - ITAPKIBChKI pe30HAHCH

ONITUMMU3NPOBAHHAS PEJATUBUCTCKASA OIIEPATOPHAS TEOPUSA
BO3MYIIEHUM B CIEKTPOCKOIINY MHOT'OJIEKTPOHHOI'O ATOMA
B SJIEKTPOMAT'HUTHOM HOJIE: AETEKTUPOBAHUE CIIEKTPAJIBHBIX

ITAPAMETPOB

A. A. Kysuneyosa, A. B. I'iywxos, M. FO. ['ypckas, A. A. Bysaoacu, B. B. Teprnoeckuii

AHHoTauus. Pazpaborana onTUMU3MPOBAaHHAS BEPCHsS HOBOTO METO/A PEISTUBUCTCKOM oIe-
PaTOPHOM TEOPUH BO3MYILEHUN C LEJIbI0 BBIYUCIICHUS XapaKTEPUCTUK SHEPIUM IITAPKOBCKUX pe-
30HAHCOB (PHEPTUU U LIMPUHBI) 11 MHOTORJIEKTPOHHBIX aTOMHBIX CUCTEM B JIEKTPOMAarHUTHOM
nosie. HoBbIN 1MOIXOM MO3BOJISET BBIIOJHUTH KOJUYECTBEHHO IPELM3MOHHOE M TEOPETHYECKHU
nocienoBarenbHoe onucanue cuiabHomnoneBoro (DC, AC) sddekra [lltapka u BKIO4aeT B ceOs
¢u3nueckn 060CHOBaHHOE MPHOIMKEHNE UCKAKEHHBIX BOJIH B paMKax (pOpMajbHO TOYHOH pe-
JATUBUCTCKOM KBAaHTOBO-MEXAHMYECKOHM INpolenyphl. B kauecTBe miumocTpaly MpeCcTaBICHbI
HEKOTOpBIE TECTOBBIE JAHHbBIE JJIS PHEPIMM M IIMPHUHBI ITAPKOBCKUX PE30HAHCOB B TSKEIBIX
MHOTORJIEKTPOHHBIX aToMax (11e3ui, (hpaHIuii), KOTOpbIe CPAaBHUBAIOTCS C PE3yIbTaTaMU PacyeToOB
B paMKaXx aJbT€PHATUBHBIX [IOCIIEOBATENBHBIX METOJOB.

KiroueBblie cj10Ba: MHOTOAJIEKTPOHHBIN aTOM B JIEKTPOMArHUTHOM TIOJIE€ - MOAU(DUIIMPOBAH-
Hasl PEJISATUBUCTCKAsS OIEepaToOpHas TEOPUsS BO3MYILEHUH - IITAPKOBCKUE PE30HAHCHI
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1. Introduction

Studying optical and spectral, radiative and
autoionization characteristics of the multielec-
tron atomic systems in a electromagnetic fields
is traditionally of a great importance and actual-
ity for further development quantum optics and
atomic spectroscopy, quantum and nano-and
sensor electronics and different applications in
the plasma chemistry, astrophysics, laser phys-
ics etc. (see Refs. [1-17]). The calculational dif-
ficulties of the standard theoretical quantum me-
chanical approaches to the multielectron atoms
in a strong electromagnetic (electric) field are
well known. Here one should remember about
such phenomenon as the well-known Dyson one
for a strong field AC, DC Stark effect. Besides,
in contrast to the hydrogen atom, the non-rela-
tivistic Schrodinger and relativistic Dirac equa-
tions for an electron moving in the field of the
atomic core in many-electron atom and a uni-
form external electric field does not allow sepa-
ration of variables in the parabolic coordinates.
The known quasiclassical (WKB) approxima-
tion overcomes these difficulties for the states
lying far from the “ new continuum” boundary.
The detailed review of a modern states of art for
spectroscopy of multielectron atoms in an elec-
tric (laser) field is presented in Refs. [16-19].

In this paper we present the theoretical basis
of the optimized version of relativistic operator
perturbation theory (ROPT) approach to calcu-
lation of the Stark resonances energies charac-
teristics (energies and widths) for the multielec-
tron atomic systems in an electromagnetic field.
A new approach allows to perform an accurate,
consistent treatment of a strong field DC(AC)
Stark effect and includes the physically reasona-
ble distorted-waves approximation in the frame
of the formally exact relativistic quantum-me-
chanical procedure. The relativistic density-
functional approximation with the Kohn-Sham
potential is taken as the zeroth approximation in
the relativistic many-body perturbation theory
(RMBPT) formalism. There have taken into ac-
count all exchange-correlation corrections of
the second order and dominated classes of the
higher orders diagrams (polarization interaction,
quasiparticles screening, etc.). New form of the
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multi-electron polarization functional has been
used. As illustration of application of the pre-
sented formalism, new data on the energy and
spectral parameters for heavy alkali atoms in
an electric (electromagnetic) field are presented.

2. Relativistic operator and many-body
perturbation theory for multielectron atoms
in an electromagnetic field

Here we present a new relativistic quantum
approach to modelling the chaotic dynamics of
atomic systems in a dc electric and ac electro-
magnetic fields, based on the theory of quasi-
stationary quasi-energy states, optimized opera-
tor perturbation theory, method of model-poten-
tial, a complex rotation coordinates algorithm
method [16,17]. The universal chaos-geometric
block will be used further to treat the chaotic
ionization characteristics for a number of heavy
atomic systems.

Let us remind that in the case of the electro-
magnetic field atomic Hamiltonian is usually as
follows:

1,
H= 5P +V ,(r)+zF, cos(art). (1)

The field is periodic, of course one should
use the Floquet theorem; then the eigen-Floquet
states | Yy (r,1)> and quasi-energies E, are de-
fined as the eigen-functions and eigen-values of
the Floquet Hamiltonian H, = H —i0,. In the
general form with using the method of complex
coordinates the problem reduces to the solution
of stationary Schrodinger equation, which is as
follows in the model potential approximation:

(~1/2:V2 4V, (") + @, + F,2)¥,(r) = E¥,(r)(2)

i.e. to the stationary eigen-values and eigen-vec-
tors task for some matrix A (with the considera-
tion of several Floquet zones): ( 4 — E]B)]E],>=O.
As a decomposition basis, system of the Sturm
functions of the operator perturbation theory ba-
sis is used. In relativistic theory one should start
from the Dirac Hamiltonian (in relativistic units):

H=op+pB-cZlr+JaFz.  (3)
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Here a field strength intensity is expressed in
the relativistic units (F_= a’°F_ ; a is the fine
structure constant). One could see that a relativ-
istic wave function in the Hilbert space is a bi-
spinor. Using the formal transformation of co-
ordinates 7 —> reXp(i@ in the Hamiltonian
(3), one could get:

H(0)=(acp —Z /| ryexp(—i0) + f—~ aFzexp(i6) .(4)

In comparison with an analogous non-rel-
ativistic theory, here there is arisen a technical
problem. In formulae (4) there is term 3, which
can not be simply transformed. One of the solv-
ing receptions os a limitation of a sub-space of
the Hamiltonian eigen-functions by states of the
definite symmetry (momentum J and parity P).
These states can be described by the following
functions:

©)

W = l/r(f Yy ("’G)J.

g(nY,;(n,0)

Here /(/’) and spin 2 in the coupling scheme
give a state with the total momentum J and its
projection M =M. Action of the Hamiltonian on
the functions (5) with definite J results in:

~ _ do(J+1/2 .
O =a,(5, - 2D prep(-ioyey +

+ (B~ exp(-i0) ~aFz exp(~i0) ¥ ©)
r
...
P .

[0....071) 0 J
. H 9
p, =—i(l/r)d/dr)r, i=7/r, c - the Pauli ma-
trices; parameter w=-1, if [=J-1/2 and w=1,
if /[=J+1/2. In order to further diagonalize the
Hamiltonian (6), we need to choose the correct
basis of functions in the subspace (5), in par-

ticular, by choosing the following functions (the
sitter or water-like type):

F(r)Y,/ (n,0)
0

where

oM — 1/{ (7

oM = 1/1{

iG(r)Y ) (n, a)J ' )

It is easy to see that the matrix elements (6)
will be no-zeroth only between the states with

the same M. In fact this moment is a single limi-
tation of the whole approach. Transformation of
co-ordinates in the Pauli Hamiltonian (in com-
parison with the Schrodinger equation Hamil-
tonian it contents additional potential term of
a magnetic dipole in an external field) can be
performed by the analogous way. However, pro-
cedure in this case is significantly simplified.
They can be expressed through the set of one-di-
mensional integrals, described in details in Refs.
[14-17]. In Ref. [17] it is presented an effective
scheme, which provides a general receipt to
combine the OPT method with the RMBPT in
spherical coordinates for a free atom. The de-
tails of the used method can be found in the ref-
erences [17].

In Ref [17,20] it is presented our version of
the RMBPT approach to calculation of spectra
and spectral parameters of the multielectron at-
oms. It is clear that the spectra of multielectron
heavy atoms have essentially relativistic prop-
erties. So, correct theoretical method of their
studying can be based on the convenient field
procedure, which includes computing the en-
ergy shifts AE of the degenerate electron states.
More exactly, speech is about constructing sec-
ular matrix M (with using the Gell-Mann and
Low adiabatic formula for AE), which is already
complex in the relativistic theory, and its fur-
ther diagonalization [21,22]. In result one could
compute the energies and decay probabilities
of a non-degenerate excited state for a complex
atomic system. The secular matrix elements can
be further expanded into a PT series on the inter-
electron interaction. Here the standard Feynman
diagrammatic technique is usually used. Gener-
ally speaking, the secular matrix M can be rep-
resented as follows:

M=MD D@ p® 4+ ® [ (9)

where 37 is the contribution of the vacuum
diagrams of all PT orders (this contribution de-
termines only the general levels spectrum shift);
MY, M? m® are contributions of the 1-, 2-
and 3- quasiparticle (QP) diagrams respectively.
The matrix A" can be presented as a sum of the
independent one-QP contributions. Substituting
these quantities into (9) one could have sum-
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marized all the one-QP diagrams contributions.
In the empirical methods here one could use the
experimental values of one-electron energies,
however, the necessary experimental quantities
(especially for the rare-earth and other elements)
are not often available. The detailed procedure
for computing Re ® is presented, for example,
in Ref. [21,22].

We will describe an atomic multielectron sys-
tem by the relativistic Dirac Hamiltonian (the
atomic units are used) as follows [20,23-25]:

H = {acp,— fc* =Z/1;}+ D exp(i | o|r)(1-a,a)r;

’ (11)
where Z is a charge of nucleus, a,.a,are the Dirac
matrices, W, is the transition frequency, ¢ — the
velocity of light. The interelectron interaction
potential (second term in (3)) takes into account
the retarding effect and magnetic interaction in
the lowest order on parameter of the fine struc-
ture constant. In the PT zeroth approximation it
is used ab initio mean-field potential:

VPR = WD+ V(M +Ve(r )], (12)

with the standard Coulomb, exchange Kohn-
Sham V, and correlation Lundqvist-Gunnarsson
Ve potentials (look details in Refs. [18-20]).
An effective approach to accounting the multi-
electron polarization contributions is described
earlier and based on using the effective two-QP
polarizable operator, which is included into the
PT first order matrix elements.

3. Some results and conclusions

As illustration od the possibilities of the pre-
sented approach we carried out computing a
dependence of the Stark components energies
(/.Im]) upon electric field strength 7 for the Ry-
dberg states nD, , ,, (n=39-46) of the Cs and Fr
atoms (look figure 1) and compared the obtained
results with the empirical perturbation theory
calculation results by by Zhao et al [4].

Analysis of the data shows that the positions
(energies) of the Stark resonances in the present
calculation are in a physically reasonable agree-
ment with theoretical data obtained by Zhao et
al and experimental results. However, it should
be noted that the results for the width of reso-
nance could differ more significantly from each

54

other. As it has been underlined in [40], in the
case of a weak electric field (naturally the widths
of resonances became very small), the methods
have difficulties in obtaining a stable value of
a width. In order to obtain the well-converged
results, it is necessary to use larger basis size.
Naturally, in a limit of a weak electric field the
well-known quasiclassical WKB approxima-
tion and standard PT calculation will be more
appropriate. One of the serious advantages of
the modified ROPT method is that an increasing
a field strength does not lead to an increase of
computational effort and there is no a conver-
gence problem [17].
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Figure 1 (a) — Dependence of energy (cm - ; the energy
of the level for F,=0 is accepted as zero) of the Stark
components (j,|m) for the state 39D Cs upon the elec-
tric field strength F| (Experiment-[],0,A 0); Theory: 1
— empirical perturbation theory (on F,) data by Zhao
et al; 2 — our data; (b) — the Stark shift (MHz) for dif-
ferent (]',|mj|) for the state 44D Fr upon F02 (our data)



Sensor Electronics and Microsystem Technologies 2018 —T. 15, Ne 4

References
[1].
[2].

Glushkov, A. V. Atom in an electromag-
netic field. KNT: Kiev, 2005.

Rao, J.; Liu, W.; Li, B. Theoretical com-
plex Stark energies of hydrogen by a com-
plex-scaling plus B-spline approach. Phys.
Rev. A.1994, 50, 1916-1919 (1994).

Rao, J.; Li, B. Resonances of the hydro-
gen atom in strong parallel magnetic and
electric fields. Phys. Rev. A. 1995, 517, 4526-
4530.

Zhi-Gang, Feng; Lin-Jie, Zhang; Jian-
Ming, Zhao; Chang-Yong, Li; Suo-Tang, Jia.
Lifetime measurement of ultracold caesium
Rydberg states. J. Phys. B: At. Mol. Opt.
Phys. 2009, 42, 145303.

Glushkov, A. V.; Loboda, A. V.; Gurnits-
kaya, E. P.; Svinarenko, A. A. QED theory of
radiation emission and absorption lines for
atoms in a strong laser field. Phys. Scripta.
2009, 7135, 014022.

Ignatenko, A. V. Probabilities of the ra-
diative transitions between Stark sublevels
in spectrum of atom in an DC electric field:
New approach. Photoelectronics, 2007, 16,
71-74.

Buyadzhi, V. V. Laser multiphoton spec-
troscopy of atom embedded in Debye plas-
mas: multiphoton resonances and transi-
tions. Photoelectronics. 2015, 24, 128-133.

Glushkov, A. V. Spectroscopy of atom and
nucleus in a strong laser field: Stark effect
and multiphoton resonances. J. Phys.: Conf.

Ser. 2014, 548, 012020.

[9].Glushkov, A. V.; Malinovskaya, S. V.; Gur-
nitskaya, E. P.; Khetselius, O. Yu.; Dubrovs-
kaya Yu. V. Consistent quantum theory of
recoil induced excitation and ionization in
atoms during capture of neutron. J. Phys.
Conf. Ser. 2006, 35, 425-430.

[10]. Khetselius, O. Yu. Spectroscopy of co-
operative electron-gamma-nuclear processes
in heavy atoms: NEET effect. J. Phys.: Conf.
Ser. 2012, 397, 012012.

[11]. Khetselius, O. Yu. Relativistic Ener-
gy Approach to Cooperative Electron-y-
Nuclear Processes: NEET Effect In Quan-

tum Systems in Chemistry and Physics,

[3].

[4].

[].

[6].

[7].

[8].

Series: Progress in Theoretical Chemistry
and Physics, Nishikawa, K., Maruani, J.,
Brindas, E., Delgado-Barrio, G., Piecuch,
P., Eds.; Springer: Dordrecht, 2012; Vol. 26,
pp 217-229.

[12]. Glushkov, A. V.; Malinovskaya S. V.
Co-operative laser nuclear processes: border
lines effects In New Projects and New Lines
of Research in Nuclear Physics. Fazio, G.,
Hanappe, F., Eds.; World Scientific: Singa-
pore, 2003, 242-250.

[13]. Glushkov, A. V. Energy approach to res-
onance states of compound superheavy nu-
cleus and EPPP in heavy nuclei collisions /n
Low Energy Antiproton Physics;, AIP: New
York, AIP Conf. Proc. 2005, 796, 206-210.

[14]. GlushkovA. V.; Ivanov, L. N. DC strong-
field Stark effect: consistent quantum-me-
chanical approach. J. Phys. B: At. Mol. Opt.
Phys. 1993, 26, L379-386.

[15]. Glushkov, A. V.; Ambrosov, S. V.; Ig-
natenko, A. V.; Korchevsky, D. A. DC strong
field Stark effect for nonhydrogenic atoms:
Consistent quantum mechanical approach.
Int. Journ. Quant. Chem. 2004, 99, 936-939.

[16]. Glushkov, A. V. Operator Perturbation
Theory for Atomic Systems in a Strong DC
Electric Field. In Advances in Quantum
Methods and Applications in Chemistry,
Physics, and Biology, Series: Progress in
Theoretical Chemistry and Physics; Hotok-
ka, M., Brindas, E., Maruani, J., Delgado-
Barrio, G., Eds.; Springer: Cham, 2013; Vol.
27, pp 161-177.

[17]. Kuznetsova, A. A.; Glushkov, A. V.
Ignatenko, A. V.; Svinarenko, A. A.; Ter-
novsky V. B. Spectroscopy of multielec-
tron atomic systems in a DC electric field.

Adv. Quant. Chem. (Elsevier) 2018, 78, doi.
org/10. 1016/bs. aiq. 2018. 06. 005.

[18]. Glushkov, A. V. Relativistic Quantum the-
ory. Quantum mechanics of atomic systems.
Astroprint: Odessa, 2008.

[19]. Glushkov, A; Khetselius, O; Svinarenko,
A.; Buyadzhi, V. Spectroscopy of autoion-
ization states of heavy atoms and multiply
charged ions. Odessa: TEC, 2015.

[20]. Glushkov. A.; Khetselius, O.; Svi-
narenko, A.; Buyadzhi, V.; Ternovsky, V.;

55



I'. O. Ky3nenona, A. B. I'mymikos, M. 1O. I'ypceka, A. A. bysmxu, B. b. TepHoBChkuit

Kuznetsova, A.; Bashkarev, P. Relativistic
perturbation theory formalism to computing
spectra and radiation characteristics: Appli-
cation to heavy elements Recent Studies in
Perturbation Theory, Uzunov, D. Ed.; In-
Tech, 2017; pp 131-150.

[21]. Ivanova, E. P.; Glushkov, A. V. Theoreti-

cal investigation of spectra of multicharged
ions of F-like and Ne-like isoelectronic se-
quences. J. Quant. Spectr. Rad. Transfer.
1986, 36, 127-145.

[22]. Glushkov, A. V.; Ivanov, L. N.; Ivanova,

E. P. Autoionization Phenomena in Atoms.
Moscow University Press, Moscow, 1986,
58-160.

[23]. Khetselius, O. Yu. Hyperfine structure of
atomic spectra. Astroprint: Odessa, 2008.

PACS 31.15.A-; UDC 539.184
DOI http://dx.doi.org/10.18524/1815-7459.2018.4.150501

[24]. Khetselius, O. Yu. Hyperfine structure of

radium. Photoelectronics. 2005, 14, 83-85.

[25]. Khetselius, O. Relativistic perturbation

theory calculation of the hyperfine structure
parameters for some heavy-element iso-
topes. Int. Journ. Quant. Chem. 2009, 109,
3330-3335.

[26]. Glushkov, A. V.; Malinovskaya, S. V.;

Loboda, A. V.; Shpinareva, I. M.; Gurnits-
kaya, E. P.; Korchevsky, D. A. Diagnostics
of the collisionally pumped plasma and
search of the optimal plasma parameters of
x-ray lasing: calculation of electron-colli-
sion strengths and rate coefficients for Ne-
like plasma. J. Phys.: Conf. Ser. 2005, 11,
188-198.

Crarrs Hagivnuia qo pegakmii 16.10.2018 p.

OPTIMIZED RELATIVISTIC OPERATOR PERTURBATION THEORY
IN SPECTROSCOPY OF MULTIELECTRON ATOM IN AN ELECTROMAGNETIC
FIELD: SENSING SPECTRAL PARAMETERS

A. A. Kuznetsova', A. V. GlushkoV’, A. A. Buyadzhi®, M. Yu. Gurskaya?, V. B. Ternovsky”?

'National University “Odessa Maritime Academy”, Didrikhson str. 8, 65028, Odessa
2(Odessa State Environmental University, L’vovskaya str. 15, 65016, Odessa
E-mail: kuznetsovaa232@gmail.com

Summary

The aim of the work is to develop and present a new effective approach to analysis and calcula-
tion of the energy and spectral parameters of heavy multielectron atoms in an electromagnetic field,
which are of a great importance for different applications in quantum optics and atomic spectros-
copy, quantum and nano-and sensor electronics, plasma chemistry, astrophysics, laser physics etc.
It is developed the optimized version of relativistic operator perturbation theory approach to
calculation of the Stark resonances energies characteristics (energies and widths) for the multielec-
tron atomic systems in an electromagnetic field. A new approach allows to perform an accurate,
consistent treatment of a strong field DC(AC) Stark effect and includes the physically reasonable
distorted-waves approximation in the frame of the formally exact relativistic quantum-mechanical
procedure. As illustration, some test data for the Stark resonances energies and widths in the heavy
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multielectron atoms (caesium, francium) are presented and compared with results of calculations
within the alternative consistent sophisticated methods etc

Keywords: multielectron atom in an electromagnetic field — modified relativistic operator
perturbation theory — Stark resonances
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OIITUMI30OBAHA PEJIATUBICTCBKA OIIEPATOPHA TEOPISA 36YPEHD B
CIIEKTPOCKOIII BATATOEJEKTPOHHOI'O ATOMY B EJIEKTPOMATHITHOMY
HOJII: AETEKTYBAHHSA CIHEKTPAJIBHUX ITAPAMETPIB
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Pedepar

MeToro pobotu € po3podka Ta OOTPyHTYBaHHS HOBOTO €(DEKTHBHOTO MiAXOAY 0 aHAII3y Ta
PO3paxyHKy €HEPreTHYHHX Ta CHEKTPAIbHUX MapaMeTpPiB BaXKUX 0AararoeleKTPOHHHUX aTOMIB B
€JIEKTPOMArHiTHOMY TOJIi, YUCENbHI BEJIMUMHU SIKUX MAIOTh BEJIMKE 3HAUEHHS JJIS PI3HUX 3aCTO-
CyBaHb y KBaHTOBI/ ONTHIII Ta aTOMHI{ CIIEKTPOCKOITii, KBAHTOBI1H, HAHO-1 CEHCOPHIH €IeKTPOHILll,
Ximil m1a3Mu, acTpodizulll, Ja3epHii (i3uill TOILO.

Po3pobnena ontuMizoBaHa Bepcisi HOBOTO METOAY PEIIITHBICTCHKOI OIepaTopHOi Teopii 30y-
pPEHb 3 METOI0 OOYHCIICHHS XapaKTEPUCTHK IITAPKIBCBKUX PE30HAHCIB (SHEprii 1 MUPUHU) AJISA
0araToeIeKTPOHHUX aTOMHHX CHCTEM B e€JeKTpoMarHiTHoMmy mojii. HoBwii migxia g03BOJIIE€ BU-
KOHATH KUIBKICHO MPENU3IHHUN 1 TEOPETHYHO TOCIIIOBHUM omuc cuibHOononboBoro (DC, AC)
edexty IllTapka i Bkitouae B cebe (ismuHO OOIpyHTOBaHE HAONMKEHHS MEPEKPYyUYEHUX XBUJIb B
pamkax ¢popMaIbHO TOUYHOI PEIATUBICTCHKOI KBAHTOBO-MEXaHIYHOI poreaypu. B sikocTi imtocTpa-
1ii TIpeIcTaBIeH] JIesKi TECTOBI JIaHi JUIsl €HEeprii 1 MUPUH MTAPKIBCBKUX PE30HAHCIB Y BAKKUX
OaraTtoeneKTpOHHUX aTtoMmax (1e3iil, ppaniiii), sIKi HOPIBHIOIOTHCA 3 pe3yIbTaTaMU PO3PaxyHKIiB B
paMKax aJbTePHATUBHUX TEOPETHUYHUX METOIIB.

Kuro4oBi cjioBa: 6aratoeeKTpOHHUN aTOM B €JIEKTPOMAarHiTHOMY TOJIi - MoAu(iKOBaHa pe-
JSTUBICTCHKA OTIEpaTOpHA Teopis 30ypeHb - TAPKIBChKI PE30HAHCH
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