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SPECTROSCOPY OF MULTICHARGED IONS IN PLASMAS:
OSCILLATOR STRENGTHS OF Be-LIKE ION Fe

The generalized relativistic energy approach with using the Debye shielding model is used for studying spectral pa-
rameters of ions in plasma and determination of the oscillator strengths for the Be-like ions. An electronic Hamiltonian
for N-electron ion in a plasma is added by the Yukawa-type electron-electron and nuclear interaction potential. Oscillator
strengths gf for 2s-[2s, 2p, ], transition in Be-like Fe are computed for different values of the electron density and tempera-
ture (n =10-10**¢cm?, T=0.5-2 keV) of plasmas are presented and compared with available alternative spectroscopic data.

1. Introduction

Spectroscopy of multicharged ions in a
plasmas is one of the most fast developing
branches of modern atomic spectroscopy. Let us
remind that a great interest to studying radiation
and collision processes parameters in a plasmas
is connected with importance of these data for
correct description of parameters characteristics
for plasma in thermonuclear (tokamak) reactors,
searching new mediums for X-ray range lasers
[1-20]. In many papers the calculations of various
atomic systems embedded in Debye plasmas have
been performed ([13-16]). Different theoretical
methods were employed along with the Debye
screening to study plasma medium. Earlier we
have developed a new version of a relativistic en-
ergy approach combined with the many-body per-
turbation theory (RMBPT) for multi-quasiparticle
(QP) systems for studying spectra of plasma of
the multicharged ions and electron-ion collisional
parameters. The method is based on the Debye
shielding model and energy approach [16-22]. A
new element of this paper is in using the effective
optimized Dirac-Kohn-Sham method in general
relativistic energy approach to collision processes
in the Debye plasmas. Here Oscillator strengths
gf for 2s>-[2s, 2p, ], transition in Be-like Fe are
computed for different values of the electron den-
sity and temperature ( n =10*-10*cm>, T=0.5-2
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keV) of plasmas are presented and compared with
available alternative spectroscopic data.

2. Generalized energy approach in scatter-
ing theory. Debye shielding model

Let us firstly consider the Debye shielding
model accordinf to Refs. [16,18]. It is known (see
[10-14,19] and refs. therein) in the classical theo-
ry of plasmas developed by Debye-Hiickel, the
interaction potential between two charged parti-
cles is modelled by the Yukawa-type potential,
which contains the shielding parameter m [1].
The parameter m is connected with the plasma pa-
rameters such as the temperature 7 and the charge

density n as follows: u~./e’n/k,T . Here, as
usually, e is the electron charge and «x, is the

Boltzman constant. The density » is given as a
sum of the electron density NV, and ion density N,
of the k-th ion species having the nuclear charge

4in=N,+ D q;N,- Under typical laser plasma
k

conditions of 7~1keV and n~10* cmthe param-
eter m is of the order of 0.1 in atomic units [13,14].
By introducing the Yukawa-type e-N and e-e in-
teraction potentials, an electronic Hamiltonian for
N-electron ion in a plasma is in atomic units as
follows [19]:



H =) [acp—pmc* = Zexp(-ur; )/ 1]+
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The generalized relativistic energy approach
combined with the RMBPT has been in details
described in Refs. [19-22]. It generalizes earlier
developed energy approach [5-8]. The key idea is
in calculating the energy shifts DE of degenerate
states that is connected with the secular matrix M
diagonalization [4-6]. To construct M, one should
use the Gell-Mann and Low adiabatic formula for
DE. The secular matrix elements are already com-
plex in the PT second order. The whole calcula-
tion is reduced to calculation and diagonalization
of the complex matrix M .and definition of matrix

of the coefficients with eigen state vectors B.EK,,,
[5-8]. To calculate all necessary matrix elements
one must use the basis’s of the 1QP relativistic
functions. Within an energy approach the total en-
ergy shift of the state is usually presented as [3-7]:

AE =ReAE +1 772 (2)
where G is interpreted as the level width and de-
cay possibility P = G. The imaginary part of elec-
tron energy of the system, which is defined in the
lowest PT order as [3]:
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where 2. for electron and 2. for vacancy. The

a>n>f a<nsf

separated terms of the sum in (3) represent the
contributions of different channels and a proba-
bility is:
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Which is linked with an oscillator strength by
the standard way. It is known that their adequate
description requires using the optimized basis’s
of wave functions. In [6] it has been proposed ““ab
initio” optimization principle for construction of

cited basis’s. It uses a minimization of the gauge
dependent multielectron contribution of the low-
est QED PT corrections to the radiation widths of
atomic levels. This contribution describes collec-
tive effects and it is dependent upon the electro-
magnetic potentials gauge (the gauge non-invari-
ant contribution dE ). The minimization of Im-
dE , leads to integral differential equation, that
is numerically solved. In result one can get the
optimal one-electron basis of the PT [21-23]. It is
worth to note that this approach was used under
solvin of multiple problems of modern atomic ,
nuclear and molecular physics (see [23-67]). To
generate the wave functions basis we use the op-
timized Dirac-Kohn-Sham potential with one pa-
rameter [8], which calibrated within the special
ab initio procedure within the relativistic energy
approach [6]. The modified PC numerical code
‘Superatom” is used in all calculations. Other de-
tails can be found in Refs. [5-9, 16-22].

3. Results and conclusion

Firstly, we present our results on energy
shifts and oscillator strengths for transitions 2s*-
2s,,2p, , 4, in spectra of the Be-like Fe. The cor-
responding plasma parameters are as follows:
n =10*-10*cm?, T=0.5-2 keV (i.e. m~0.01-0.3).
We studied a behavior of the energy shifts DE
(em™) for 2s*-[2s, ,2p, ,,,], transitions and oscil-
lator strengths changes for different plasma pa-
rameters (the electron density and temperature).
In Table 1 there are listed the oscillator strengths
gf for 2s>-[2s, 2p, ] transition in Be-like Fe for
different values of the n, (cm?) and T (in €V).

Table 1

Oscillator strengths for 2s’-[2s, A 2p, |, transi-

tion in Be-like Fe for different n_ (cm™) and T
(eV) (gf,—gf value for free ion)

n 102 10% 10%
KT | [13] | [13] [13] [13]
500 | 0.1537 | 0.1537 | 0.1538 | 0.1547
1000 0.1537 | 0.1538 | 0.1545
2000 0.1537 | 0.1538 | 0.1543
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2000 0.1555 | 0.1556 | 0.1562
I-S 0.1537 | 0.1537 | 0.1540
0.1555 | 0.1555 | 0.1559

n, 10% 10% 10%

kT Our Our Our Our
500 | 0.1541 | 0.1541 | 0.1543 | 0.1553
1000 0.1541 | 0.1543 | 0.1553
2000 0.1540 | 0.1542 | 0.1552
2000 0.1541 | 0.1542 | 0.1552

There are also listed the available data by Li
etal and Saha-Frische: the multiconfiguration
Dirac-Fock (DF) calculation results, and ionic
sphere (I-S) model simulation data [13, 16] (see
refs. therein). The analysis shows that the present-
ed data are in physically reasonable agreement,
however, some difference can be explained by us-
ing different relativistic orbital basises and differ-
ent models for accounting of the plasma screening
effect. It is important to note that our computing
oscillator strengths within an energy approach
with different forms of transition operator (this is
corresponding to using the photon propagators in
the form of Coulomb, Feynman and Babushkin)
gives very close results.
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Summary

The generalized relativistic energy approach with using the Debye shielding model is used for
studying spectral parameters of ions in plasma and determination of the oscillator strengths for the
Be-like ions. An electronic Hamiltonian for N-electron ion in a plasma is added by the Yukawa-type
electron-electron and nuclear interaction potential. Oscillator strengths gf for 2s*-[2s, 2p. ], transi-
tion in Be-like Fe are computed for different values of the electron density and temperature ( n.=10*-
10%*cm?, T=0.5-2 keV) is presented and compared with available alternative spectroscopic data.
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CIHEKTPOCKOIINA MHOI'O3APAJTHbBIX HOHOB B IIJIASME: CHJIbI
OCIIUJIJIATOPOB IJIA Be-IIOJOBHOT'O HOHA Fe

Pe3rome

Ha ocHoBe 0600111€HHOTO PeIATUBUCTCKOTO SHEPreTHUYECKOT0 MOJX0/a C UCIIOIb30BaHIUEM MOJIEIIN
sKpaHupoBaHus [lebast BBIMOIHEHO W3yUeHHE CIIEKTPa I1a3Mbl HOHOB U ONPENEIEeHUE CUIT OCLIMILIS-
TOpoB U1 Be-nogo6HbIX HOHOB. DIEKTPOHHBIN raMUIIBTOHUAH 1711 N-3JIEKTPOHHOTO MOHA B IUIa3Me
JIONIOJTHEH MOTEHIIMAJIOM 3JIEKTPOH-3IEKTPOHHOTO U siAepHOro B3aumonaencTeus Tuna FOkasbl. Cuibl
ocuuATopoB 2s°-[2s 2p. | mepexona B Be-nomoOHoM Fe onpenenenbl s pasindHbIX 3HAYCHUH
BJIEKTPOHHOM IIIOTHOCTH U Temmneparypsl (0 =10?2-10*cm?, T=0.5-2 keV) ma3mbl u cpaBHUBAKOTCS
C UMEIOLIMMUCS aJIbTEPHATUBHBIMU CIIEKTPOCKONINYECKUMHU JAHHBIMU. .

KroueBblie €/10Ba: CLIEKTPOCKONHMS MOHOB B IIJIa3Me, SHEPIreTUUECKUM TOIXO0, CHUIIbI OCLUILIATOPOB
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CHHEKTPOCKOIIISA BATATO3APAHUX IOHIB B IIJIAZMI: CUJIN OCHUJIATOPIB
JJIS Be-IIOAIBHOTI'O IOHA Fe

Pesrome

Ha ocHOBI y3aranbHEHOTO PeIsTUBICTCHKOIO €HEPreTUYHOrO MiJX01y 3 BUKOPUCTAHHIM MO
sKpaHioBaHHS Je0as BUKOHAHO BUBUEHHS CIEKTPY IJIa3MHU 10HIB 1 BA3HAUEHHS CHJI OCIIMJIATOPIB JUISI
Be-moni6nnx ioHiB. EnexTpoHHui raMuiibTOHIaH 1711 N-€JIEKTPOHHOTO 10Ha B TTa3Mi JOTIOBHEHUI
MOTEHINAIOM €JIEKTPOH-CIIEKTPOHHOI Ta simepHoi B3aemoil Tumy HOkaBu. Cuin oCHMISATOPIB 28%-
[2s,,2p,,], mepexony B Be-moxibnomy Fe Bu3sHau€eHi 171 pi3HUX 3HAYEHD €JIEKTPOHHOI IYCTHHH 1 TEM-
neparypu ( n.=10>-10*cm™, T=0.5-2 keV) nia3mu Ta NOPiBHIOIOTHCS 3 HASIBHUMH aJIbTEPHATHBHUMU
CHEKTPOCKOMIYHUMHU JaHUMH.

Kuro4oBi ciioBa: criekTpockorist 10HIB B IU1a3Mi, eHEPreTUYHUN M1X1JT, CUJIM OCLIMIISTOPIB
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