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Abstract

Purpose. The value of the autoionization cross section and its energy dependence are determined to a
great extent by excitation and subsequent electron decay of the lowest energy states. Recently, experimental
data on the excitation cross sections of the rubidium atom lowest doublet (4p°5s’)’P, , , and quartet

(4p°4d59)°P, ,, ,  , autoionizing states were obtained which promoted their theoretical investigations.

Methods. Theoretical calculations were performed using the Flexible Atomic Code universal program
package which takes account of the relativistic nature of the complex atoms excitation by the use of the
Dirac-Coulomb Hamiltonian. The radial orbitals for basic relativistic wavefunctions were obtained by solving
the Dirac-Fock-Slater equation.

Results. Comparison of the experimental excitation cross sections for the doublet (4p*5s>)*P, 121, and quartet
(4p*4d5s)*P, 123/2572 autoionizing states with available theoretical data and our relativistic calculations is
presented. The results of the study of the parameter R  for the intensity ratio for the ’P, , and’P, , states of the
4p°5s? configuration are presented. Our calculations in the distorted waves approximation is shown to well
describe the experimental data in the energy region above 70 eV. At low collision energies our calculations
qualitatively predict the presence of the threshold resonant excitation; however in the energy region 20-50 eV
only the R-matrix method qualitatively describes the complex nature of excitation and decay of the lowest

quartet autoionizing states of the rubidium atom.

Conclusions. Electron excitation of the doublet (4p®5s*)°P, 11, and quartet (4p°4d5s)°P, ,, , ., autoionizing
states of the rubidium atom in the collision energy range from the excitation thresholds up to 700 eV was
studied in the terms of the distorted waves relativistic approximation. A comprehensive analysis of the
obtained results using the available experimental and theoretical data showed that the relativistic distorted
waves approximation taking into account the configurational mixing is a suitable tool for describing the
autoionizing states of the rubidium atom in a wide range of collision energies and allowed one to obtain the

absolute values of the experimental excitation cross sections of the (4p°5s*)*P and (4p*4d5s),, ,, ., states.
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Introduction

The charge composition and energy balance of
various plasma media are mainly determined by
two processes — direct ionization and autoion-
ization. As has been shown in studies of these
processes in heavy atoms of potassium, rubidium
and caesium [1], the contribution of autoion-
ization to the total electron shock ionization
cross-section is more than 30%. Studies of these
atoms have also shown that the size of the au-
toionization cross-section and the form of its
energy dependence at low and high collision
energy values are largely determined by the
excitation and subsequent electronic decay of
the lowest-energy states np*(n+1s* P, , , and
np°nd(n+1)s 4P1/z,3/z,5/2 (n=3, 4, 5 for K, Rb, Cs,
respectively) [2-4].

It is known that the most complete infor-
mation about the set of processes involved in
the formation of a certain excited atomic state,
namely the type of electron transition, cascade
population, and the formation of negative ion
resonances, is provided by the energy depen-
dence of its excitation cross-section. Recently,
by the method of electron spectroscopy using the
technique of electron-atom beams, it was possible
to experimentally obtain cross sections of the ex-
citation of the lowest autoionization states (AIS)
for the Rb atom [5-7]. Due to the significant
spin-orbit splitting of levels in the Rb atom,
apart from the doublet states (4p5552)2P3 1 [5],
in the study [6] the electronic excitation of each
component with J=1/2, 3/2, 5/2 of quartet state
(4p°4d5s)*RJ was also studied. Detailed analysis
of the near-threshold resonant structure of AIC
data performed by the authors in the study [8].
In it, on the basis of theoretical calculations by
the method of R-matrix with B-splines show
that the resonant structure at the excitation
cross-sections for (4p°5s?)°P, a1 AIC is the result
of a superposition of several states of the negative
rubidium ion, and it is also established that almost
all resonances are Feshbach-type resonances. As
for the quartet AIC, the authors of the study [8]

presented the excitation cross-sections of these
AIC in the collision energy range up to 50 eV,
but they were unable to identify the states of the
negative rubidium ion due to the complexity of
the excitation and decay mechanism of these AIC.

As for collision energies above 50 eV, only
one theoretical work has been known so far [9],
where the excitation cross-sections are presented
and the role of np°(n+1)s**P, 1 AIC in the pro-
cess of ionization of neutral alkaline atoms by
electron shock. In this research, relativistic cal-
culations of effective excitation cross-sections in
the Born approximation and distorted waves (PCX)
are performed, multiplet splitting analysis is per-
formed, and the ratio of the cross-sections of the
lowest doublet AIC of alkaline Na, K, Rb, and Cs
atoms at different energies of the incident elec-
tron from the excitation thresholds to 1.5 keV is
established, but without comparison with exper-
imental data for Rb and Cs atoms. For quartets
(4p°4d5s)‘RJ AlS theoretical data on excitation
cross-sections for collision energies above 50 EV
were not available.

In this study, we present the results of a
theoretical study of the electron excitation of
the lowest doublet and quartet autoionization
states of a rubidium atom in a wide range of
collision energies from excitation thresholds
to 700 eV by the method of relativistic distorted
waves, taking into account configuration mixing
(the PCX-BK approximation) and without it (the
PCX approximation) in comparison with the
available theoretical and experimental data.

Research Methodology

Theoretical calculations were performed using
the universal Flexible Atomic Code software
package [10], which takes into account the rela-
tivistic nature of the excitation of complex at-
oms by using the Dirac-Coulomb Hamiltonian.
This software package has proven itself well in the
theoretical classification of AIC of the rubidium
atom in the research [11], as well as in the
study



of the excitation cross-section 4p° shells of the
Rb atom [12; 13].

It should be noted that the accuracy of the
theoretical results obtained significantly depends
on how the single-electron functions of the tar-
get are calculated and what configurations are
mixed with each other. Clearly, there is no uni-
versal recipe for how to improve the results of
calculations, it all depends on successful and
complete consideration of configuration mix-
ing. At the same time, the number of configu-
rations cannot be excessively large, since it is
impossible to take into account the interaction
of an incoming electron with all possible config-
urations. Mixing of configurations is usually the
largest when the energies of different configu-
rations are close to each other, it can disrupt se-
rial patterns and even change the nature of the
multiplet separation of levels. Therefore, taking
into account configuration mixing in such cases
often leads to significant changes in the proba-
bility of decay of individual AIC, especially for
weak transitions.

Radial orbitals for constructing basic rel-
ativistic wave functions were obtained by solv-
ing the Dirac-Fock-Slater equation. The set of
configurations was somewhat reduced in com-
parison with [11], as our research showed that
the best description of experimental excitation
cross-sections is given by the inclusion of cor-
relation corrections in the calculations of our
selected configurations, although excitation en-
ergies have greater differences with experimental
values. To optimize the local central potential,
which should reflect the polarization of the
frame containing the exchange member, the fol-
lowing one-electron configurations were used
4p°nl (n=5, 6, 7, 1=0, 1, 2, 3). To account for
correlation effects (BK) the following configu-
rations were used 4p°nl (n=5, 6, 7,1=0, 1, 2, 3),
4p°nin’l’ (nl=5s, 6s, 5p, 4d, 5d, n’I'="5s, 6s, 5p, 6p,
4d, 5D, 4f, 5f, 5G) for the main 4p°®5s state of the
Rb Atom and for 4p®, 4p°nl (nl=5s, 6s), 4p*nin’l’
(nl=5s, 5p, n’'=>5s, 5p, 4D, 5D) the final state
of Rb+. Calculations were performed in jj con-
nections.

Theoretical calculations of electron excitation of the lowest autoionization...

Results and Discussion

In Figure 1 presented a comparison of experi-
mental excitation cross-sections [5] of doublet
(4p5552)2P3 1 AIC with our theoretical calcula-
tions and data [9]. The experimental data were
normalized to our RCX calculations at a collision
energy of 650 eV. In the region of energies above
100 eV, our theoretical excitation cross-sections
of PCX and PCX-BK (4p°5s*)°P, 123, StALES within
the experimental error satisfactorily describe
the experimental data. Born and PCX excitation
cross-sections [9] in this energy range underes-
timate the absolute values of the cross-sections.
However, it should be noted that both our data
and the data [9] correspond to the rule of the
ratio of cross-section values 2P3 /2:2P1 =211 [14].
Why is it correct to normalize for our data for
comparison, and not for data [9]? According to
the data [8], and the R-matrix method is the most
accurate method for calculating cross-sections
in the near-threshold energy range, the excitation
cross-sections should have even higher absolute
values of effective cross-sections, i.e. our data are
closer to them. In this figure, comparison with
them is not given, since the excitation cross-sec-
tions (4p5552)2P1 1232 States in [8] are represented
in a very narrow range of 15-20 eV.

A significant difference between experiment
and theory exists for small and medium values
of collision energy. Worth noting that the de-
scription of processes in the range of energies
of 20-90 EV is an issue for all existing theoretical
approximations, since it requires simultaneous
consideration of a large number of high-energy
configurations as 4p® shell and excitation from
the deeper shells of the rubidium atom. It is also
necessary to take into account the contribution
of possible cascade and radiation transitions,
which is a very complex theoretical problem.
Indeed, as the analysis of the experimental
cross-section of the excitation state (4p°5s*)°P, P
shows, at collision energies of 18-30 eV, oscilla-
tory behaviour and an increase in the cross-sec-
tion value of up to 20% are observed. As
follows from [15] in the wavelength range from
624 to 577 A (19.8-21.5 eV), the photoabsorption
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spectrum of the 4p® shell contains a total of
46 lines, of which only 8 have an extended au-
toionization profile. This means that most AIC
located above 19 eV decay mainly due to radia-
tion transitions to low-energy AIC, in particular
(4p°5s*)°P, ,. Regarding the cross-section of the
excitation state (4p°5s®)°P, P then in the energy
range of 20-30 EV, the noticeable effect of cas-
cading population processes from high-energy
levels is not observed. The PCX-BR approxima-
tion best describes the excitation process in this
region. The figure shows that in the near-thresh-
old region of collision energies, the experimental

data of both levels have a distinct resonant char-
acter. The size of the cross-sections of the lat-
ter exceeds the efficiency of the direct process
by almost one and a half times. Detailed analysis
of this section in [8] showed that all resonances
here are Feshbach-type resonances with a common
4p configuration °6s°p” in the case of (4p>5s°)’P, ,
and a common configuration 4p°5s4d6s for auto-
ionization state (4p>5s*)’P, ,. Theoretical approx-
imations of PCX and Born in the near-threshold
region of collision energies cannot qualitatively
describe such resonant processes.
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Figure 1. Effective cross-sections of doublet excitation (4p°5s%)?P

The cross-section of the PCX without taking
into account configuration mixing significantly
overestimates the efficiency of near-threshold
excitation, but still assumes its presence, as well as
the approximation of the PCX [9]. The calcula-
tions performed in [9]in the Born approximation
do not take into account the possibility of reso-
nant excitation, as evidenced by the behaviour
of the corresponding excitation cross-section in
the near-threshold region of collision energies.
Since the Born approximation is a scattering in a
potential field, it does not describe the details of
the scattering process at low collision energies.

321 AIC of the rubidium atom

Although the PCX-BK approximation differs from
the experimental data in the near-threshold re-
gion, it also predicts a sharp increase in the ef-
ficiency of resonant excitation of AIC data. This
indicates that the method takes into account
to a greater extent the perturbations of the in-
coming and scattered waves by the field of the
atomic residue and, at the excitation threshold,
provides for the possibility of capturing the in-
coming electron in the discrete spectrum state
with simultaneous excitation of the bound elec-
tron from the inner shell.

In our research, the ratio parameter



R,=_, J2e12 of line intensities (4p°5s*)’P, P and
(4p5552)2P1 P which according to [14] should be
correlated as 2: 1 or 100% to 50% is also studied.
In Figure 2 experimental data are compared with
theoretical calculations in the Born approxima-
tion, PCX and relativistic approximation of dis-
torted waves with exchange (PCXO) [9]. The
general behavior of the dependence of the ratio
of experimental line intensities is characterized
by a sharp near-threshold resonance, an oscil-
latory structure up to 30 eV, and then an almost
linear classical dependence up to 650 eV. This
behaviour is primarily due to the dominant role
of negative ion States in the near-threshold ex-
citation of AIC (4p°5s*)°P, a1 and the influence
of cascade population at energies up to 30 eV,
which has already been discussed above. Theoret-
ical calculations of PCX and Born in the region of
collision energies up to 30 eV, as already shown
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in the description of excitation cross-sections,
differ significantly. It is difficult to talk about
the quality of theoretical values of the ratio pa-
rameter R in this area since the experimental
data also have a large spread of values, but as
can be seen, there is a perfect coincidence of our
theoretical calculations of the RCX with the RCX
data [9], both with and without exchange. Nev-
ertheless it is necessary to note the remarkable co-
incidence of theoretical and experimental data
in the region of collision energies of 35-650 eV.
This means that in the case of theoretical calcu-
lations of the PCX in the strong coupling decom-
position, configurations are successfully selected
that take into account the correlation mixing of
levels and the correctly selected model potential
used to determine single-electron radial wave
functions. Also, such a good agreement shows
the reliability of experimental measurements.
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Figure 2. Intensity ratio R,=0,,[(4p*5s*)°P, L/ o0,[(4p°5s*)’P, L] AIC of the rubidium atom

Figure 3 shows the experimental exci-
tation cross-sections [6] of the lowest quartets
(4p>4d5s)*P, 123/25/2 AIC in comparison with our
theoretical calculations of PCX-BK in the range
of collision energies of 16-700 eV and R-matrix
with B-splines data [8] (16-50 eV).

Experimental data are normalized to PCX-BK
data at a collision energy of 350 eV for states ‘P, , . ,
and 110 eV for ‘P, . It should be noted that in the
case of quartet AIC, the PCX method without cor-
relation corrections gave unsatisfactory results,

which were rejected. This indicates the complex-
ity of the process of excitation and decay of these
states, as well as the fact that configuration mix-
ing plays a more significant role here. The gen-
eral view of all experimental cross-sections is
broadly similar and reflects the exchange na-
ture of excitation of these quartet levels. Although
theoretical data differ significantly in general
behavior, but in absolute terms correlate well
with each other when describing experimen-
tal data. Both types of theoretical data do not
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contradict the rule of correlation of the inten-
sity of spectral lines within the same series
‘P, /2:4P3 /2:4P1 =321 [14]. All functions start with
intense narrow maxima (AE<1 eV), which are
located just beyond the excitation threshold,

indicating the presence of effective resonant

excitation in the near-threshold energy region,
as indicated by studies [8] and our theoretical
calculations. In the energy range of 17-24 eV,
a slight increase in the excitation efficiency is
noticeable at all cross-sections, which is most
clearly manifested for the level of P ,.
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Figure 3. Effective quartet excitation cross-sections (4p°4d5s)‘P

This increase in cross-section has a cascad-
ing origin due to the radiation decay of high-en-
ergy states. If our theoretical calculations in this
region significantly underestimate the values of
all excitation cross-sections, then the data [8]
perfectly predict an increase in the cross-section
size due to the presence of additional input as
a result of radiation decay from the upper 4p
levels >4d5s, 4p°5s5p, 4p°5p?, 4p°4d5p configura-
tions. The disadvantage of our theoretical cal-
culations is precisely the impossibility to take
into account cascade transitions, a very difficult

23252 AIC of the rubidium atom

theoretical problem indeed. In the region of colli-
sionenergiesabove 70eV, our theoretical PCX-BK
data qualitatively describe the excitation process
of quartet AIC data, which allows us to normal-
ize experimental data in order to obtain abso-
lute values of effective excitation cross-sections
(4p*4d5s)*P, 12372502 AIC of the rubidium atom.
The excitation energies and absolute values of
the experimental excitation cross-sections ob-
tained during normalization for our theoretical
calculations of PCX-BK are shown in Table 1.

Table 1. Figure 1: Calculated and experimental electron excitation energies (E , eV), excitation
cross-sections (0, 107" cm?) in maxima ¢__ and at collision energies of 100 and 500 eV, as well as the
probability of electron decay (A, c™") AIS 4p°ni(L,S )n’’'LSJ the rubidium atom

. . 6, 10717 cm?
(L,S))LSJ  E_, calculation E , experiment [12] A, c?
=~100eV =500eV
5s? 2P3 ) 15.134 15.31 1.61 0.92 0.47 7.65-10%
5s*7P 16.040 16.16 0.64 0.37 0.20 1.04-10%
4d(°P)5s 4P1 ) 16.665 16.69 0.08 0.06 0 9.08-10°
4d(°P)5s ‘P, , 16.754 16.79 1.21 0.08 0.04 6.12-107
4d(°P)5s 4P5 ) 16.907 16.97 1.57 0.08 0.03 5.31-10"




Conclusions

The study presents a comparison of experimental
cross-sections of doublet excitation (4p°5s*)’P, 12
and quartet (4p°4d5s)'P, 123/25,, dutoionization
states with available theoretical data and our
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lowest quartet autoionization states of the ru-
bidium atom. A comprehensive analysis of the
obtained results with the involvement of avail-
able experimental and theoretical data showed
that the approximation of relativistic distorted

waves, taking into account configuration mixing,
is a successful tool for describing the autoioniza-
tion states of a rubidium atom in a wide range of
collision energies and allowed us to obtain absolute
values of excitation experimental cross-sections
of (4p°5s*)°P, 1 and (4p°4d5s)'P, 123/25/2 SLALES.
The study is supported by the scientific
project of young scientists of the National Academy
of Sciences of Ukraine “Dynamics of Formation
of Excited States of Atoms and Ions in Plasma on

Metal Pairs: Mechanisms of Elementary Processes”.

relativistic calculations. The results of the study
of the parameter R, of the intensity ratio for the
states °P, , and °P, , configuration 4p°5s® are pre-
sented. It is shown that in the region of energies
above 70 eV, our calculations in the approxima-
tion of distorted waves well describe the exper-
imental data. At low collision energies, our cal-
culations qualitatively predict the presence of
near-threshold resonant excitation, and in the
tange of average energies of 20-50 EV, only the
R-matrix method qualitatively describes the
complex nature of excitation and decay of the

References

[1] Borovik A. Excitation-autoionization cross section of alkali atoms by electron impact. J. Phys. B: At.
Mol. Opt. Phys. 2013;(46):215201.
[2] Evrij MJ, Borovik O, Shimon LL, Kontros JE. Resonance excitation of the 3p®-subshell in potassium:
Contribution to the single ionization. Nucl. Instr. Meth. Phys. Res. B. 2005;(233):280-83.
[3] Borovik A, Roman V, Kupliauskiene A. The autoionization cross section of rubidium atoms excited
by electron impact. Reports of NASU. 2013;(3):58-64.
[4] Borovik A, Kupliauskiene A. The 5p° autoionization cross section of cesium atoms: Contribution t
single ionization by electron impact. J. Phys. B: Atom. Mol. Opt. Phys. 2009;42(16):165202.
[5] Borovik A, Ilyashevytch V, Kupliauskiene A. Ejected-electron excitation functions of the (4p°5s°)’P, ,, ,
autoionizing states of rubidium atoms excited by 15 to 640 €V electrons. J. Phys. Conf. Ser. 2012;(388):042007.
[6] Roman V, Tymchyk R, Kupliauskiene A, Borovik A. Electron-impact excitation of the (4p°54d5s)4PJ
autoionizing states in Rb atoms. Gothenburg; 2012; 163 p.
[7] Borovik A. Resonance excitation of autoionizing states in alkali atoms by electron impact. Scientific
Herald of Uzhhorod University. Series “Physics”. 2013;(34):173-81.
[8] Borovik A, Roman V, Zatsarinny O, Bartschat K. Electron impact excitation of the lowest doublet and
quartet core-excited autoionizing states in Rb atoms. J. Phys. B: At. Mol. Opt. Phys. 2013;46(1):015203-209.
[9] Kaur S, Srivastava R. Excitation of the lowest autoionizing np*(n+1)s?, ?P3/2, 1/2 states of Na (n=2),
and Cs (n=5) by electron impact. J. Phys. B: At. Mol. Opt. Phys. 1999;32(10):2323-42.
[10] Gu MF. The flexible atomic code. Can. J. Phys. 2008;(86):675-689.
[11] Kupliauskiene A, Kerevicius G. Theoretical study of the 4pp°nln’l’ autoionizing states of Rb excited
by electron impact. Phys. Scr. 2013;(88):065312-319.
[12] Borovik A, Roman V, Kupliauskiene A. The 4p® autoionization cross section of Rb atoms excited by
low-energy electron impact. J. Phys. B. 2012;45(4):045204-214.
[13] Roman V, Kupliauskiene A, Borovik A. Excitation and ionization of outer shells in Rb by electron
impact. J. Phys. B. 2015(48):205204-209.
[14] Frisch SE. Optical spectra of atoms. Moscow; 1968. 640 p.
[15] Shender 10, Pogodin Al, Bereznyuk SM, Filep MY, Kokhan OP, Studenyak IP. Influence of the cation

substitution upon the electrical conductivity of the superionic ceramics on the basis of microcrystalline
powders of (Cu;_ Agx);SiSsl. Sci. Herald Uzhhorod Univ. Ser. "Physics", 2020;47:21-31.



Scientific Herald of Uzhhorod University. Series “Physics”. 2020;(48):58-66

CIMCOK BUKOPHUCTAHOI JIiTeEpaTypu

[1] Borovik A. Excitation-autoionization cross section of alkali atoms by electron impact. J. Phys. B: At.
Mol. Opt. Phys. 2013;(46):215201.
[2] Evrij MJ, Borovik O, Shimon LL, Kontros JE. Resonance excitation of the 3p®-subshell in potassium:
Contribution to the single ionization. Nucl. Instr. Meth. Phys. Res. B. 2005;(233):280-83.
[3] Borovik A, Roman V, Kupliauskiene A. The autoionization cross section of rubidium atoms excited
by electron impact. Reports of NASU. 2013;(3):58—64.
[4] Borovik A, Kupliauskiene A. The 5p°® autoionization cross section of cesium atoms: Contribution t
single ionization by electron impact. J. Phys. B: Atom. Mol. Opt. Phys. 2009;42(16):165202.
[5] Borovik A, Ilyashevytch V, Kupliauskiene A. Ejected-electron excitation functions of the (4p°5s*)’P, ,, ,
autoionizing states of rubidium atoms excited by 15 to 640 eV electrons. J. Phys. Conf. Ser. 2012;(388):042007.
[6] Roman V, Tymchyk R, Kupliauskiene A, Borovik A. Electron-impact excitation of the (4p°54d5s)4PJ
autoionizing states in Rb atoms. Gothenburg; 2012; 163 p.
[7] Borovik A. Resonance excitation of autoionizing states in alkali atoms by electron impact.
Scientific Herald of Uzhhorod University. Series “Physics”. 2013;(34):173-81.
[8] Borovik A, Roman V, Zatsarinny O, Bartschat K. Electron impact excitation of the lowest doublet and
quartet core-excited autoionizing states in Rb atoms. J. Phys. B: At. Mol. Opt. Phys. 2013;46(1):015203.
[9] Kaur S, Srivastava R. Excitation of the lowest autoionizing np°(n+1)s? ?P3/2, 1/2 states of Na
(n=2), and Cs (n=5) by electron impact. J. Phys. B: At. Mol. Opt. Phys. 1999;32(10):2323—42.
[10] Gu MF. The flexible atomic code. Can. J. Phys. 2008;(86):675—689.
[11] Kupliauskiene A, Kerevicius G. Theoretical study of the 4pp°nin’l’ autoionizing states of Rb excited
by electron impact. Phys. Scr. 2013;(88):065312—319.
[12] Borovik A, Roman V, Kupliauskiene A. The 4p°® autoionization cross section of Rb atoms excited by
low-energy electron impact. J. Phys. B. 2012;45(4):045204—214.
[13] Roman V, Kupliauskiene A, Borovik A. Excitation and ionization of outer shells in Rb by electron
impact. J. Phys. B. 2015(48):205204-209.
[14] Frisch SE. Optical spectra of atoms. Moscow; 1968. 640 p.
[15] Shender 10, Pogodin Al, Bereznyuk SM, Filep MY, Kokhan OP, Studenyak IP. Influence of the cation
substitution upon the electrical conductivity of the superionic ceramics on the basis of microcrystalline
powders of (Cui-xAgx),SiSsl. Sci. Herald Uzhhorod Univ. Ser. "Physics", 2020;47:21-31.

TeopeTHYHi pO3paxyHKH eJIEKTPOHHOTO 30y/IXKeHHS HaHIMKYIUX aBTOIOHI3aI[iHHIX
craHiB atoma Rb

B.I. Poman, O.M. ITom, I.B. ITniunyuHelb

[HCcTUTYT enekTpoHHOI pisuku HAH Ykpainu
88000, Bys1. YHiIBEpCUTETCBKA, 21, M. Y>KropoZ, YKpaina

AHorania

MeTa. 3HaueHH: nlepepi3y aBTOiIOHi3aIlii Ta MOTO eHepreTUYHa 3a/IeXKHiCTh 3HAYHOIO MipOIO BU3HAYAIOThCS
30y/DKEHHAM Ta MOJAANBITUM PO3MAaZoM eJeKTPOHIB HaWHIKYMX €eHepPreTUYHUX CTaHiB. HelmozaBHO
OyJI0 OTPUMAHO eKCIIePUMEHTAIbHI /JaHi TIPO Tepepi3u 30yAKeHHS HaWHIDKYOTo AyOJeTy aToMma py0ifiro
(4p5552)2P3 121, T& KBapTeTy (4p*4d5s)‘P aBTOIOHI3AI[IHUX CTaHiB, IO CIPHUIO iX TEOPETUYHUM

: 1/2,3/2,5/2
AOCIII>KEHHAM.

MeTtoau. TeopeTH4Hi po3paxyHKU Oy/l0 IIPOBEAEHO 3a JOIIOMOIOI0 YHiBepCAJIBHOIO HaKeTy IIporpam
«'Hy4YKUM aTOMHUH KOZ», AKWH BPAXOBYE DPENATUBICTCbKY TPUPOAY 30YAKEHHA CKIAZHUX aTOMIB 3a
JolioMororo raMminbToHiaHa Jlipaka-Kysona. PagianpHi opbiTasti 111 OCHOBHUX PeIATUBICTCHKUX XBUIbOBUX
byHKIIM 6ys10 OTPUMAaHO IULIXOM pO3B’sI3aHHA piBHAHHA Jipaka-doka-CreiiTepa.



Theoretical calculations of electron excitation of the lowest autoionization...

PesynbraTi. [ToAaHO NIOPIBHSHHSA €KCIIEPUMEHTaIbHUX [epepisiB 30y/KeHHs A Ay OeTHuX (4p°5s’)’P, | ,
Ta KBapTETHUX (4p54d55)“P1 23725/ aBTOIOHI3aI[iMHUX CTaHiB 3 HASIBHUMU TEOPETUYHUMHU JaHUMU Ta HAIIUMU
PEATUBICTCHKUMU po3paxyHKaMmu. [IpeAcTaBieHo pesyabTaTy AOCT/KEHHs mapamerpa R, BiAHOMEHHS
iHTeHCHBHOCTEH /714 cTaHiB °P, , Ta’P, , koHbirypauii 4p°5s®. [IokasaHo, 1110 Halli PO3PaXyHKU B HAGIVIKEHHI
CTIOTBOPEHUX XBWIb I00pE OMUCYIOTh eKCIIEPUMEHTAaIbHI JaHi B obsacTi eHeprii Buie 70 eB. [Tpu mMamux
€Heprifx 3iTKHEHHS Hallli pOo3paxyHKHU fKICHO IepeZbadyaioTb HASIBHICTH IIOPOTOBOTO PE30HAHCHOTO
30y/)KeHH; OJJHAK Y eHepreTuyHiti obsacti 20—50 eB suite MeTozs R-MaTpHIli SIKICHO OMUCYE CKIAAHY

MIPUPOY 30YAKEHHS Ta PO3MaZy HAMHIDKIMX KBaPTETHHX aBTOIOHI3alifHUX CTaHiB aToMa py0izito.

BucHOBKH. EnexrponHe 36ymxeHHs Aybiery (4p°5s’)°P, ,, , Ta kBaprety (4p°4d5s)'P, ,, ,. , BTOIOHI3yrOUMX
CTaHiB aToMa py0iZito B Ziarna3oHi eHepriii 3iTKHeHHA Bif TOPOTiB 36yxeHHA Ao 700 eB 6ys1o ZoCTifKeHo B
TepMiHaX PeIITUBICTCHKOTO HAOIMKEHHSI CTIOTBOPEHUX XBI/Ib. KOMIUIEKCHUI aHasIi3 OTpYMAaHUX Pe3yIbTaTiB
3 BUKOPHUCTaHHSM HasBHUX €KCIEPHMEHTAJbHHUX Ta TEOPEeTHYHUX JAaHMUX I[10Ka3aB, IO allpOKCHMALlif
PEJIATUBICTCHKUX CIIOTBOPEHUX XBWIb 3 ypaxyBaHHAM KOHOITypaliiHOTO 3MIIllyBaHHS € BiZITIOBIIHUM
IHCTPYMEHTOM /IS OIIMCY aBTOIOHI3aIiHNUX CTaHIB aToMa Py0iiifo y INMPOKOMY /ialta3oHi eHepriii 3iTKHeHHS.
JUIs1 OTPMMAHHSA abCOMIOTHUX 3Ha4Y€Hb eKCIIeEPUMeHTAIbHIX Tepepi3iB 30ypKeHH:

Ki1ro4oBi cjioBa: aToMm, efleKTpoHHe 30y/PKeHHs, aBTOIOHI3alliiHi cTaHu, iepepi3 36yaKeHHA
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AHHOTaUA

Ienb. 3HaueHns ceYeHNs] aBTOMOHM3ALNY U UX SHEPreTHUIeCcKas 3aBUCUMOCTh B 3HAUMTEIbHOM CTEIeHH
OTIPEZIETISIOTCA BO30YKAEHNEM M MOCAEAYIOMMM PaClaZioM 3J€KTPOHOB CaMbIX HHU3KHUX SHEPreTUYECKUX
cocTosiHMi. HeZlaBHO OBUIM TIOJyYEHBI SKCIEPUMEHTANbHbBIE JaHHBIE O CEUYEHMSIX BO3OYKIEHUSA CaMOro
HHU3KOTO JlyOsieta atoma pyouaus (4p°5s”)’P, /21,2 Y KBApTETa (4p°4d5s)*P. ABTOMOHM3ALIMOHHBIX COCTOSTHUIA,

1/2,3/2,5/2
YTO CIIOCOOCTBOBAJIO UX TEOPETUYECKUM UCCIEA0BAHUAM.

MeToabl. TeopeTHYeCKHE pacyeThl OBUTM MTPOU3BEAEHBI C IIOMOIIBIO0 YHUBEPCATHHOTO MMaKeTa MPOorpaMm
«['MOKUM aTOMHBIN KOZ», YUUTHIBAIOIIETO PENATUBUCTCKYIO IPUPOAY BO3OYKAEHUS CIOXKHBIX aTOMOB C
ITOMOIITbI0 TaMIIbTOHMaHa [lrpaka-KymoHa. PagyaibHble OpOUTAIH IS OCHOBHBIX PEIITUBUCTCKIX BOJTHOBBIX
bYHKIIUH OBLTH MTOJTyYeHbI pellieHreM ypaBHenus Jlupaka-Poxka-Cretitepa.

Pe3ynbTaThl. [IpeacraBieHO CpaBHEHUE 3KCIEPUMEHTATBHBIX CEUYEHUWH BO30OYXAEHUA i AyOJIeTHBIX
(4p5552)2P3 121, ¥ KBapTETHBIX (4p54d55)4P1 /23/2,5/, ABTOMOHHM3AIIOHHBIX COCTOAHUN € HMEIOUUMUCA
TEOPETUYECKUMHU JAaHHBIMM U HAIIUMU PETATUBHUCTCKUMM pacueTaMu. [IpezicTaBieHbl pe3yIbTaThl
UCCIeZIOBaHUsA MTapamMeTpa R, OTHOCHTENbHO MHTEHCUMBHOCTEN /I COCTOSHUM “P, L, U P, P KoHUTYpaIuu
4p°5s?. TlokasaHo, YTO HAIIX pacyeThl B MPUOTMIKEHUN MCKaXXEHHBIX BOJH XOPOIIO OIKUCHIBAIOT
JKCIEepHUMEHTANbHbIE aHHBIE B obsacTy aHepruu Bbiie 70 3B. [IpU MasbIX SHEPTUAX CTOJKHOBEHUS
HAIllX pacyeThl OTMEHHO TO/Pa3yMEBAIOT HAJIWYME MMOPOTOBOTO PE30HAHCHOTO BO30YXAEHUSA; OJHAKO B
aHepreTudeckol obmactu 20—50 3B TobKO MeTO/; R-MaTpUIIBl KAUECTBEHHO OTMCHIBAET CJIOKHYIO TIPUPOAY
BO30YXZIeHUA U PaCIiaZla CaMbIX HU3KUX KBaPTETHBIX AaBTOMOHU3AIIMOHHBIX COCTOSTHUH aToMa pyOuzus.

BbIBOZBI. DieKTpOHHOe Bo3OyxaeHue Aybnera (4p°5s’)’P, , , v kBapreta (4p°4d5s)'P, ,, . , ABTOMOHU3HPYIOLIVX
COCTOSTHUMM aToMa pyOHANs B [Ualia3oHe SHEPTUM CTOJIKHOBEHMUsI OT IIOPOroB Bo30y:KaAeHMs 0 700 5B BOJH.
KomrutekcHBIM aHaMN3 MOMYYEHHBIX Pe3yJbTaTOB C MCIIOIb30BAHUEM MMEIOIIUXCA SKCIePUMeHTaTbHBIX
U TEOPETHUYECKUX JAHHBIX [10Ka3as, YTO allIPOKCUMalMA UCKAKEHHBIX PEIATUBUCTCKUX BOJH C y4E€TOM
KOHQUI'ypaIIOHHOTO CMENIEHHS SIBJISIETCS COOTBETCTBYIOIIMM HHCTPYMEHTOM /IS OITMCAHKS aBTOMOHU3AIIMOHHBIX
COCTOSTHMH aToMa pyOWWs B ITMPOKOM JUATa30He SHEPTUU CTOJKHOBEHUS JUIA MOMyYeHUs abCOMOTHBIX
3HAYEHUH SKCIIepPUMEHTATbHBIX CEUeHNU BO30YKAEeHUS
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