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The photoionization cross sections of the singly excited Ba states 6snl L ~ith n = 5-9 and l -0-2 have
been calculated in the Hartree-Slater approximation over a broad energy range. Our results establish some
systematic trends of these cross sections as functions of photon energy and the quantum numbers n and I.

Our data for 6s5d extend previous preliminary predictions to higher photon energies and agree very well

~ith recent measurements, in the energy range ~here channel coupling and autoionizing transitions are not
important. Comparison is also made w'th a calculation carried out within the local-density random-phase
approximation.

&ITN.ODUCTION

During the past few years there has been an increased in-
terest in the photoionization of excited atomic states. The
available measurements and calculations on the photoioniza-
tion cross sections of such states have been limited mostly
to alkali-metal atoms, usually because they present fewer
theoretical and experimental problems in their treatment.
In spite of this simplicity, agreement between experiment
and theory is not always good and the best accord is usually
achieved by semiempirical calculations. The ground and ex-
cited states of barium, an alkaline-earth atom, have attract-
ed extensive experimental and theoretical attention as ex-
amples of states with a high level of configuration interac-
tions and of electron correlations in general. In particular,
the photoionization of the 4d subshell has been measured
and calculated by various researchers. '~ Its complications
stem from the yet unfilled 4f subshell which, however,
"collapses" inside the centrifugal barrier in a relaxed
4d 5ss5ps core as well as in the ground state of the Ba+ ion
and in elements heavier or equal in weight to La.' In addi-
tion, it was found' that for the Ba ground state and for pho-
ton energies of 21.2 eV, about 90'/o of the 6s photoioniza-
tions are accompanied by a strong excitation or even ioniza-
tion of the other 6s electron. ~

Kith the availability of lasers as high-intensity light
sources, a number of experiments were performed on the
photoionization of excited atoms. The experiments either
combine two lasers, one for substantially populating the ex-
cited state and the other for photoionization, " or use one
laser for excitation and synchrotron radiation for photoioni-
zation. ~'2'3

This investigator has recently carried out calculations of
excited cesium states with considerable success. ' The
present paper represents an extension of that work and an
attempt to evaluate the suitability of the Hartree-Slater ap-
proximation'5 in treating the photoionization of excited
alkaline-earth atoms, using the unusual case of Ba as an ex-
arnple.

In calculating the atomic wave functions for the initial and
final states we use the Hartree-Slater (HS) approxima-
tion' '6 to obtain the atomic potential, which is consequent-
ly kept the same for the initia1 and final state, i.e., we also
employ the "frozen-core" approximation. The latter is usu-
ally a minor approximation when outer electrons are re-
rnoved by the photoionization process. We realize, howev-
er, that since the initial state is an excited one, we ought to

use the appropriate self-consistent field of this excited state,
rather than the ground-state potential tabulated by Herman
and Skillman. " The Schrodinger equation is solved in the
usual fashion'7 to obtain the initial- and final-state electronic
wave functions, which are then used to calculate the transi-
tion matrix elements and the photoionization cross sections.
In all cases we used the experimental wavelengths from
Moore's tables, " or from more recent experimental deter-
minations. '

RESULTS AND DISCUSSION

Figures 1-3 present our calculated photoionization cross
sections for the 6sns 'S, 6snp 'P, and 6snd 'D states, respec-
tively, with the nl excited electron being ionized. The calcu-
lation for the corresponding (allowed) triplet states yields
cross sections differing by less than 10'/0. Within the
present Hartree-Slater approximation, the differences occur

mainly because of the use of different threshold energies for
the two spin states. This effectively shifts the two curves,
with respect to one another, by the threshold energy differ-
ence, usually less than half an eV. In addition, because the
photoionization cross section'7

rr„(E)- T rr &o ~co I (yE II D II i ) f

of an initial state Ii) resulting in the state IyE) is directly
proportional to the photon energy co, the threshold energy
difference also changes the absolute cross-section values for
the same photoelectron energies. These differences are
most important at threshold and quickly become insigniA-
cant with increasing photon energy.

All the 6sns photoionization cross sections exhibit a Coop-
er minimum near threshold. Apart from the region of the
minimum, the curves remain relatively Aat over a wide
range of energy, albeit the absolute cross-section values are
rather small. From the bunching of the curves in Fig. 1, we
can infer that the core relaxation, essentially that of the 6s
electron, is mostly taking place in going from 6s' to the
6s7s configuration. Further relaxation is more gradual and
less dramatic. This effect can also be seen directly from
Table I, where we tabulate the expectation value (r) for the
pertinent orbitals and configurations. The visual effect of
Fig. 1 is slightly misleading since the 6s2 photoionization is
t~ice as big as it would have been if the two 6s electrons
were not equivalent. Thus, in comparing their general
behavior, the 6sns, n & 6, curves should be compared to the
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I. Ex ctation values (r) for outer orb'itals of the 6snlTABLE . pe
configurations of Ba, as predicted y t e re ax
proximation (in a.u.).
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