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The photoionization cross section of the neutral iron atom is calculated from threshold
at 7.90 eV to 36 eV. Results are presented for the Hartree-Fock approximation and cor-
relations are included by many-body perturbation theory.

We have calculated the photoionization cross
section o(w) of the neutral iron atom by means of
the many-body perturbation theory of Brueckner!
and Goldstone® and by our methods® * for evaluat-
ing the diagrams for atoms. This calculation
was stimulated by its relevance for astrophysics
and by the fact that there does not seem to be any
measurement of o(w) for Fe.® In these calcula-
tions we use the relation’

o(w) = (4r/c)w Ima (w), (1)

where a(w) is the frequency-dependent polariza-
bility.>® Atomic units are used throughout this
paper unless otherwise indicated.

5

In calculating the perturbation-theory diagrams®

for a(w), we treat energy denominators accord-
ing to the usual prescription P-i7d, where P
represents a principal-value integration. Then
Ima (w) consists of all diagrams in which we have
an odd number of contributions from —in6. The
lowest-order diagram contributing to o (w) is
shown in Fig. 1(a). The horizontal line repre-
sents use of —ind, This notation has also been
used by Wendin who has discussed calculation of
resonances in o(w) by many-body theory.° In
Fig. 1, the heavy dot represents matrix elements

of z. [In calculating @ (w) we take the perturbing
electric field in the Z direction and average over
M;.] The dashed lines with no heavy dot repre-
sent Coulomb correlations, In the next order of
perturbation theory there are diagrams as shown
in Figs. 1(b) and 1(c). These diagrams also oc-
cur inverted and there are corresponding ex-
change diagrams, When there is no horizontal

FIG. 1. Lowest-order diagrams contributing to the
photoionization cross section or Ima(w). The horizon-
tal line indicates a denominator contribution —iwd. The
heavy dot indicates a matrix element of z. (a) Lowest-
order diagram. (b), (c) Diagrams with one Coulomb in-
teraction. These diagrams also occur inverted. The
corresponding exchange diagrams should also be in-
cluded. (d), (e) Higher-order diagrams.
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line, denominators are treated by principal-value
integration,

In calculating o(w) for the (34)%(4s)*°D ground
state of Fe, we have used our complete set of
single-particle states from a calculation of the
hyperfine contact interaction in Fe, We carried
out the calculations with M ¢=+2 and averaged
over M,;. Our cross section of course is indepen-
dent of Mg, There are higher-order diagrams®
which shift the single-particle energies €(z) so
as to give correct ionization energies €’(n), We
calculated the shifted energies €(4s*), and €(4s”)
agreed well with the experimental ionization en-
ergy.'! We used spectroscopic data'! to deter-
mine €(3d"), and we obtained an average €(3d")
by calculating the difference from €(3d”). Our
shifted energies for €(4s”) and €(4s™*) are —0.2903
and -0.3104 a.u., respectively. For €(3d") and
€(3d") we obtained —-0.3965 and —-0.5811 a.u., re-
spectively. The difference between €(4s”) and
€(4s™) is due to the fact that (for M 5 =+2) the 4s*
electron has exchange interactions with the five
3d" electrons whereas the 4s” electron has an ex-
change interaction with the single 3d~ electron.

Results for o(w) are shown in Fig. 2. The
dashed line represents the Hartree-Fock result
obtained from the diagram of Fig. 1(a). The sol-
id line is the result including correlations. We
included diagrams like Figs. 1(b) and 1(c), their
inverses, and also the corresponding exchange
diagrams. We also included some higher-order

diagrams like Figs, 1(b) and 1(c) in which the
part of the diagram above the horizontal line is
identical to that below, Diagrams like Fig. 1(d)
were approximately included. Diagrams like Fig.
1(e) were also included. The maximum contribu-
tion from Fig. 1(e) came near threshold and re-
duced o(w) by approximately 8%. Our results in
Fig. 2 have only included correlations among 4s
and 3d electrons and correlations of 3d with 3p
electrons. The 3d-3p correlations were found to
be small, and it was estimated that the omitted
correlations affect o(w) very little,

The large increase over the Hartree-Fock re-
sult is due mostly to the diagram of Fig. 1(b)
when the bottom matrix element is {4p|z|4s).
This matrix element is so much larger than
(kplz|4s) that it more than compensates for the
reduction due to the Coulomb matrix element.
This diagram corresponds to configuration mix-
ing in the many-particle final state between 4skp
and 4p4s. We expect that this effect will be found
in all atoms with an outer (us)? subshell with
= 2. In such atoms, Hartree-Fock results may
be expected to differ significantly from experi-
ment. In diagrams like Fig. 1(d), when all but
the top excited states are 4p* and the hole lines
are 4s*, we may sum the diagrams geometrical-
ly.*

We note that the important configuration mixing
in the final state between 4skp and 4p4s is an ex-
ample of intrachannel interaction described by
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FIG. 2. Photoionization cross section o(w) for Fe. Dashed line, lowest-order or Hartree-Fock result. Solid line,

correlations included.
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Fano and Cooper,” Recent calculations by Star-
ace'? on argon and xenon have included the intra-
channel effect by the reaction matrix method,” !*
Intrachannel effects are also included in Altick’s
calculation' of the photoionization cross section
of Be by means of configuration interaction. For
Be they also cause a large increase of the cross
section near threshold over the Hartree-Fock re-
sults,

In Fig. 2 we note the strong resonance at 12,13
eV and lesser resonances from 14.26 to 15.81 eV,
The resonance at 12,13 eV is due to 3d™ - 4p™* ex-
citations which are degenerate in energy with 4s*
—~kp* and 3d™ —kf ", kp  excitations. These reso-
nances occur in diagrams like Fig. 1(b) in which
the bottom excitation is 3d* —np*. We have not
made an accurate determination of the height and
shape of the resonances, which would involve in-
cluding many higher-order diagrams. There are
also narrow resonances (not shown in Fig. 2)
from 3d* —nf"* excitations and from 4s*np* for
high », Many other resonances also occur in
higher-order diagrams. We expect that the most
important of these involve (4s)? - mpns or (4s)?
~mpnd excitations. We plan to investigate these
effects in a future paper.

At higher energies than shown in Fig. 2, there
are contributions to o(w) from the inner subshells
and these will be described in a more complete
account of this work. At present we are also cal-
culating contributions to o(w) in which two or
more electrons are ejected, and processes in
which one electron is ejected and the atom is left
in an excited state, We also plan to extend our
results to higher orders in perturbation theory.
There is a definite need for continued experimen-

tal and calculational effort on atoms such as Fe,
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