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Relativistic Configuration Interaction Treatment of Generalized Oscillator
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A fully relativistic configuration interaction method is developed to investigate the transition energies and gen-

eral oscillator strengths of the lower lying states of krypton, for both optically allowed and optically forbidden
transitions. The calculated results are in agreement with the recent experimental measurements. The calculated
transition energies for the 5s and 5s’ transitions are 9.970 and 10.717 eV, which agree with the experimental data
of 10.033 and 10.643 eV. The calculated oscillator strengths are 0.211 and 0.170, comparable with the experimen-
tal results 0.214(£0.012) and 0.194 (£0.012), respectively. The momentum transfer positions (K? in a.u.) of the
minimum and maximum GOSs in the 4s°4p® — 4s%4p® (5s 4 5s') transitions are 1.105 and 2.225, comparable
with the measurements results 1.24 and 2.97 [Phys. Rev. A 67 (2003) 062708].

PACS: 34.80. Dp, 31. 25. Jf, 31.30. Jv

Electron-impact cross sections of atomic krypton
are widely used in plasma diagnostics for the ther-
monuclear reactor, plasma processing in flat-panel
display technology, pumping mechanisms in Kr laser
systems.!]

Recently, the generalized oscillator
strengths (GOS) for transitions from the ground state
of Kr to the excited states 5s, 5s’, and 5p were
measured at electron energy of 2.5keV, the mini-
mum and maximum positions of these GOSs were also
determined.[?! This can be used as a benchmark to test

absolute

the theoretical calculations.

In theory, the relativistic methods, such as mul-
ticonfiguration relativistic Hartree-Fock (MCRHF)[?!
and multiconfiguration Dirac-Fock (MCDF),[4 can
be utilized to study the structure and dynamics for
middle- and high-Z atomic systems. In this Let-
ter, we develop a fully relativistic configuration in-
teraction (RCI) method to calculate GOSs, in which
the orbital wavefunctions are calculated by using
the Dirac-Slater self-consistent field (SCF) method.["!
The atomic wavefunctions, transition energies and
GOSs are obtained by employing a configuration in-
teraction method.[%l To elucidate the validity of this
method, the transition energies and GOSs of the lower
lying states of Kr are calculated for both optically al-
lowed and optically forbidden transitions. The calcu-
lated results are in agreement with the experimental
measurements!? and other theoretical works.

The RCI method has been described in the
literature.l®/ Here we only briefly discuss the main
points. The single electron orbitals

lejm

1= GiF,(r)

can be obtained from the Dirac-Slater SCF method(”]
with the Hamiltonian

HO = Z[caiPi + ﬁimCZ + er(si‘)f]’
where VT(;Zf is the SCF potential. The orbitals are
used to construct the anti-symmetrized product-type
configuration wavefunctions ¥; of the atomic sys-
tem with appropriate angular moment coupling and
electron occupation distribution. These configuration
wavefunctions form a basis set of the complete Hilbert
space of the atomic system {¥;}. The atomic state

wavefunctions are the linear superpositions of the con-
figuration wavefunctions,

U= ZCi\I/i.

The superposition coefficients C; can be calculated by
diagonalizing the corresponding Hamiltonian matrix,
and then the atomic energies and wavefunctions can
be obtained.

With the atomic energies and wavefunctions, the
generalized oscillator strengths of the atomic system
can be calculated as

EK%p, do  2E oy
SEK) == i = & <~I/f|;elK""f'|\m>|2,
where f(E, K) and do/d {2 represent the GOS and dif-
ferential cross section; E and K are the excitation
energy and momentum transfer, while py and p, are
the incident and scattered electron momenta, respec-
tively; W; and W, are the initial and final N-electron
atomic wavefunctions; r; is the position vector of the
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7th electron. The detailed formula can be found in
Refs. [5,6]

The ground-state configuration of Kr is [Ar]
3d194524p%. Only one- and two-electron excitations
from 4s and 4p orbitals are included in the present
calculation with other electrons considered as a frozen
core, i.e. the configurations 4s24pSnp, 4s4p®n's,
4524p*5sn’s/nd, 4sdpS5sn'p/n'' f, 4s?4p*5pn/p/n’ f
and 4s%4p*5pn’s/n’’d are used for the total
angular momentum J = 0 in even parity,
the configurations 4s%4p°n’s/nd,  4s4p®n'p/nf,
4524p*5sn'p/n" f, 4sdp®5sn’s/nd, 4s24p*5pn’s/nd
and 4s4p°5pnp/n’'f for J = 1 in odd par-
ity, and the configurations 4s24p®n'p, 4s4p®nd,
4524p*5sn’s/nd, 4s4p°5sn'p/n” f, 4s?4p*5pn’p/n’ f
and 4s4p°5pn’s/n’'d for J = 2 even parity. In our
calculations, we choose (4 < n < 8, 5 < n’ < 8,
4 < n” < 5). Here a non-relativistic notation is
used for simplicity, e.g. 4p°® denotes 4pf/24p§/2 or
4p1/24pg/2, etc.

The calculated GOSs for optically allowed transi-
tions 4s24p% — 4s24p°5s/5s’ are in agreement with
the experimental results/? as shown in Fig. 1.

The calculated transition energies for 5s and 5s’
transitions are 9.970 and 10.717eV, which are com-
parable with the experimental data of 10.033 and
10.643eV,8] and the errors are less than 1%. When
K — 0, GOSs approach the optical oscillator strength

for optically allowed transitions. The calculated oscil-
lator strengths (K — 0) are 0.211 and 0.170, which
agree with the experimental results 0.214 (£0.012)
and 0.194 (#0.012),8] respectively.

As the momentum transfer increases, there ap-
pears to be a minimum value of GOSs and then a
maximum value. Our results agree with the experi-
mental measurement!? as shown in Fig.1. The com-
parison of positions of the minimum and maximum for

GOSs is listed in Table 1.
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Fig.1. Generalized oscillator strengths (GOSs) for the
optically allowed transition 4s24p® — 4s24p°5s/5s’, i.e.
the present theoretical results (lines) for the 5s, 5s’ and
5s+5s’ transitions, and the experimental results (symbols)
for 5s, 58’ and 5s + 5s’ transitions.[2]

Table 1. The momentum transfer positions (K2 in a.u.) of the minimum and maximum GOS in the 4s24p® — 4524p°(5s + 5s')
transitions of krypton, compared with the experimental measurements and other theoretical calculations.

Present Expt[z] Expt[g] Expt[w] Theory[g] Theory[11] Theory[lz]
Minimum 1.105 1.24 0.90 1.04 1.21 0.69 1.053
Maximum 2.225 2.97 2.50 1.35 2.40
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Fig. 2. GOSs for optically forbidden transition 4s24p% —
4524p°5p[5/2]2 (electric quadrupole).

In Table 1, there are some discrepancies among
the theoretical and experimental data. The random-
phase approximation with exchange effect and the
Hartree-Fock approximation are used in Ref. [12]. The
minimum and maximum of GOSs is slightly differ-

ent from the measurements.!?l They shift to 1.25 and
2.50 after convolution,?! which are closer to the ex-
perimental results.?l The agreement between our re-
sults and the experimental data should also be im-
proved after the convolution. The first Born approxi-
mation within one-electron approximation by employ-
ing scaled hydrogen-like orbitals in Ref.[11] cannot
provide good results.

The calculated GOSs for optically forbidden tran-
sition 4s24p® — 4s24p°5p[5/2], (electric quadrupole)
are in general agreement with the experimental
results,?! as shown in Fig. 2. The calculated transition
energy is 11.434eV, comparable with the measured
value of 11.445 V.8 There exist some discrepancies
in the positions of the minimum and maximum of
GOSs between the present calculations and the mea-
surements. The reason is still unclear, because it is
more difficulty to obtain accurate results in both the-
oretical and experimental works, for the optically for-
bidden process. The GOSs are more sensitive to the
convergences of wave functions when their values are
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smaller. Meanwhile, they also change more rapidly [2] Li W B, Zhu L F, Liu X J, Yuan Z S, Sun J M, Cheng H
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