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Abstract: Relativistic multiconfiguration-interaction caleulations of the dipole magnetic and quadruple
clectric transitions in the lead atom have been caleulated. The computer program GRASP2 (General
Relativistic Atomic Structure) has been used.

1. Introduction

In this short report we present theoretical foundation on which the computer pro-
gram GRASP2 is based. We also present results of our calculations. Detailed com-
parison with experiment can be found in [1].

2. Theoretical Method

In this chapter we present relativistic multiconfiguration calculations of the electric
and magnetic transitions (rank 2 and 1, respectively) in 6p? configuration of Pb by
means of the GRASP2 code [2]. This is the newest version of a fully relativistic pro-
gram GRASP [3] based on the Dirac-Fock theory [4] which is appropriate for the
description of heavy atoms like lead. The multicontiguration Dirac-Fock theory (MCDF)
implemented in the program consists of two main clements. The first one is a repre-
sentation of the atomic state function (ASF) as a lincar combination of relativistic
configuration state functions (CSF):
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Any CSF |y PJM) is constructed as a Slater determinant of relativistic one
electron orbitals being cigenstates of total angular momentum and parity operators.
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The label y, represents all information (occupation of different subshells, coupling
schemes and seniority numbers) required to define CSF uniquely. The sccond element,
which is an essential ingredient of the MCDF approach, is the Dirac-Coulomb Hamil-

tonian:
Zh + Z ’r — r 2

i<j

Here the first part of the Dirac-Coulomb Hamiltonian represents an clectron in the
potential of the nucleus V|

éi:cia;,ah( 1)t +V, (%) i=1,....N. s
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In the MCDF method the radial parts of functions |y PJM) (1), as well as the
mixing cocfficients ¢ arc generated by the selfconsistent ficld (SCF) of the above
Hamiltonian. There is an optional possibility in the program to take into account the
transverse Breit interaction and leading radiative corrections as perturbations correc-
tion only.

The MCDF method is an ab initio method appropriate for heavy atoms. The prob-
lem is to attain the convergence of the SCF procedure, which is an essential difficultly
for larger number of the ficlds accounted for in the CSF.

The computational method, described above, allows to calculate cigenvalues and
cigenfunctions of the atomic Hamiltonian 11" . The cigenvalues or the atomic energy
levels and the eigenfunctions are observed experimentally through the electromagnetic
radiation emitted or absorbed during transitions between two cnergy levels. These
transitions occur due to the interaction between an atom and an electromagnetic field.
Usually this interaction is treated as a perturbation of the Hamiltonian 17 and leads
to the well known formulas for transition probabilities [5]. In the present calculation the
Breit corrections have been included. The effect of thefinite size of the nucleus has
also been taken into account via the choice of the Fermi model (with parameters
a=9.89059x10°%and ¢ = 1.25946x10*1in Bohr radii). All calculations have been per-
formed in average level scheme [3], for which the encrgy functional is averaged over
a set of states with different total angular momentum.

3. Numerical calculations and results

The choice of the configurations for which the calculations were carried out has
been based partly on the literature. It is obvious that only even parity configurations
should contribute to the basic 6p* configuration. The 6p* configuration has been
found to be the most important [6, 7].
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Thus we have performed the calculations for the following cascs:

MCDF 1 6p* + 6p7s

MCDF 2 6p* + 6p* + 6s'6p* + OpTs
MCDF 3 op° + 6p* + 6p7p

MCDF 4 6p*.

The excited configuration of opposite parity 6p7s together with the most important
admixture 6s6p* [8] has been included to get the resonant E1 transitions as a by-
product and to sec how much the small basis approximation is consistent with the fact
that the Hamiltonian commutes with the parity operator. The larger scts of configura-
tions have not been considered here due to the convergence problems.

The calculated transition probabilities are presented in Tables 1 and 2. In the case
of the electric transitions (Table 2) both the results in Coulomb (V) and Babushkin (L)
gauges have been included (see [3] for details). The coefficient y introduced here
provides some information about the level of consistency between the two gauges. As
on¢ may expect, the results of MCDF 1 are similar to the results of MCDF4. Not that

big discrepancies are consequence of finite basis approximation together with the SCF
approach.

Table 1. Mugnetic dipole transitions for different calculations: AM s the spontaneous emission
o ! !
probability per unit time, & is the transition wave length.

AM
Transition - - — —
% (nm) | MCDF 1 | MCDF 2 | MCDF 3 | MCDF 4 | MCDF 5 | MCDF 6
'S, —» P | 4619 | 9581 71.74 66.78 97.97 73.07 99.61
'p, - 3p,| 9253 12.07 9.07 9.06 12.83 9.36 11.69
in | 2332 14.30 10.56 10.52 15.29 1091 13.63
Py P | 38322 049 0.47 0.45 0.47 0.47 0.57
P3P [12789 ] 433 3.96 4.29 4.78 4.11 4.05
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Table 2. Electric dipole transitions for different calculations; A% is the spontancous emission probabili-
tv per unit time, A is the transition wave length, Vand L indicate respectively the Coulomb
and Babushkin gauges.

AI-.Z
Transition N = N S
A (m)] MCDF 1 | MCDF2 | MCDF3 | MCDF4 | MCDFS | MCDF 6
'S, > D,V 0.04 0.02 0.008 0.03 0.02 0.06
2 1248.6
L 0.23 0.06 0.15 0.19 0.06 0.31
pv 233 1.73 3.10 2.43 1.79 243
=1 531.5
L 57.05 21.21 24.41 59.51 21.06 55.52
D, 5PV 0.74 0.63 0.61 0.77 0.66 0.74
2 925.3
L 0.80 0.49 0.57 0.95 0.51 0.62
P,V 0.68 0.59 0.48 0.71 0.61 0.6%
733.2
0.62 0.37 0.33 0.74 0.38 0.49
Py 0.45 0.49 0.42 0.43 0.51 0.52
466.0
0.72 0.70 1.10 0.80 0.71 0.65
P, 3PV —— 14.2 x 107 16.6 x 10% [ 16.1 x 107 12.5 x 10* [ 16.9 x 107 | 18.3 x 10*
& I B.aivg
183 x 107155 < 10*]15.6 x 10| 18.9 x 107 15.7 x 10*]17.4 » 10*
3P, 0.41 0.38 0.24 0.43 0.41 0.39
938.9
0.15 0.13 0.18 0.19 0.14 0.11
ZE 4 0.3617 0.3435 0.3805 0.3808 0.3422 0.3627
A"+ A

4. Conclusion

Computer program GRASP2 has been used to obtain numerical values of dipole
forbidden transitions in the neutral lead atoms. Calculated results can be compared
with experimental and theoretical data.
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