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One fundamental assumption commonly applied to many-electron quantum systems is the
one-electron or independent-particle approximation (IPA), in which effects of electron-electron in-
teractions, i.e., electron correlation, are assumed to be negligible. Among the myriad of applica-
tions of the IPA is describing x-ray interactions with matter in all its forms; the IPA is readily used
as a basis for theoretical calculations and tabulations of a variety of x-ray-interaction parameters
such as total and partial cross sections, photon-scattering probabilities, and photoelectron angular
distributions. With this central role in x-ray science, it is important to determine the limits of the
IPA, or, equivalently, to identify the significance of electron-correlation effects to x-ray interac-
tions. At present, it is a generally accepted axiom that the IPA is valid except in certain well-
defined regimes where electron correlation is known to be important. Work at the ALS has
proven this notion incorrect for x-ray photoemission; validity of the IPA is the exception, not the
rule. Specifically at intermediate energies, far above outer-shell thresholds and away from inner-
shell thresholds, interchannel-coupling effects are thought to be small and the IPA is reckoned to
be reasonably good. A combined
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regarding the physics at high energy. Electron time-of-flight measurements were taken following
photoexcitation of argon in the photon energy range of 600-850 eV. The data were analyzed to
determine the angular distribution asymmetry paranfieter argon  photoionization, and the

ratio of the intensities of thgp&and 3 lines. Our findings emphasize the importance of coupling

for photoionization channels under consideration with channels from energetically neighboring
thresholds to accurately describe the high ener@iy0) photoionization of atoms.

Photoemission cross sections and angular-distribution asymmetry parameters for valence
3p electrons of neutral argon have been calculated by the relativistic random-phase approximation
(RRPA) methodology. [4-5]. Five levels of interchannel coupling scheme: all channels arising
from (i) 3p, 3s, 2p, 2sand X (full RRPA); (ii) 3p and 3; (iii))3p and 2; (iv) 3p and 3, and (v)
only 3p have been considered to describe channel interactions. Note that scheme (v) should yield
virtually similar results to the IPA method as the contribution of intra-shell coupling is small at
high enough energy.

The experiments were performed at the ALS on beamline 8.0 during two-bunch mode,
using an experimental setup described previously [6]. Briefly, four time-of-flight (TOF) electron
analyzers collect spectra simultaneously at different angles. A needle serves as an effusive source
for the gas under study. All analyzers are differentially pumped to avoid pressure buildup near
the MCPs. The cylindrically symmetrical analyzers view the same interaction region with the 2-
mm entrance apertures at a distance of about 20 mm. The apertures and needle are grounded to
maintain a field-free interaction regions. A straight electron flight path provides fundamental

simplicity to the TOF technique.
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photoionization channels in Ar dramatically alters the smadlerdss section from the predictions

of the IPA, and other calculations which omit this coupling, by almost a factor of two in an energy
region quite far from any thresholds. But there is nothing special about Ar, and therein lies the
importance of these results. dnycase where there are two (or more) degenerate photoionization
channels emanating from subshells with similar binding energies and spatial extent, the smaller
cross section(s) will be significantly affected through interchannel coupling with the stronger chan-
nel(s). Thus, calculations which omit interchannel coupling are rebabtd¢or the dominant

channel in such a situation; weaker channels will not be predicted reliably by Hartree-Fock or any
other IPA calculation for virtually all energies. We are thus led to the inescapable conclusion that
IPA is not valid for most subshells of most atoms at most energies. Finally, although the example
presented was for an atom, these ideas should be equally valid for molecules, surfaces, and solids
as well.
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