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Table 1. By, and B} parameters of 3s photoelectron distribution of sodium-like Ba*5+ ions.

By B BY B3 BY Ba BY

Ours 0.672 —0.725 —0.940 —0.607 —0.653 —0.260 —0.265
Ref. [22] 0.673 —0.707 —0.947 —0.584 —0.662 —0.247 —
Diff. 0.001 0.018 0.007 0.023 0.009 0.013 —
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Fig. 1. (color online) Electric dipole parameters of the
photo-electron angular distribution for Na-like ions.
Upper panel with the photo-electron energy at v/c =
0.1, bottom panel with the photo-electron energy at
v/ec=04.
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Fig. 2. (color online) Same as the Fig. 1 expect for the

first order non-dipole parameters.
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Fig. 3. (color online) Same as the Fig. 1 expect for the

second order non-dipole parameters.
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Fig. 4. (color online) Photoelectron angular distribution of 3s in sodium-like ions: (a) PE energy at v/c = 0.1,

(a) v/e = 0.1, HAEAMIERL (b) v/ie = 0.4, HAEKITALL

dipole approximation; (b) PE energy at v/c = 0.1, non-dipole effects have been included; (¢) PE energy at

v/c = 0.4, dipole approximation; (d) PE energy at v/c = 0.4, non-dipole effects have been included.
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Fig. 5. (color online) Same as the Fig.4. expect for 2p (3P3) in sodium-like ions.
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Abstract

Photoionization processes widely exist in the astrophysical plasma and the high temperature laboratory plasma.
Compared with the traditional photoelectron energy spectrum, the photoelectron angular distribution is not only related
to the amplitude of the photoionization channels, but also sensitive to the phases of these channels. So the photoelectron
angular distribution contains much more quantum information about the photoionization processes and is used to provide
stringent tests of our understanding of basic physical processes underlying gas- and condensed-phase interaction with
radiation, as well as a tool to probe physical and chemical structure in solids and surfaces. For a long time, the dipole
approximation has been the basis in the study of the photoelectron angular distribution, but with the progress of light
source, such as the fourth generation synchrotron facilities, more and more attention is paid to the non-dipole effect of the
photoelectron angular distribution. In thispresent work, the photoionization processes of sodium-like ions (20 < Z < 92)
are studied for the different incident photon energies based on the multiconfiguration Dirac-Fock method and the density
matrix theory. The influences of the non-dipole terms on the photoelectron angular distributions, which arise from the
multipole expansion of the electron-photon interaction, are discussed in detail. The relationship between the dipole and
non-dipole parameters of the photoelectron angular distribution along with the atomic number is given. It is found that
the influence of non-dipole terms on the photoelectron angular distribution is related to the incident photon energy and
the atomic number of the target ion and the subshell of the ionized electron. In general, the influences of the non-dipole
terms on the photoelectron angular distribution of p subshell are larger than those of the s subshell. In the electric
dipole approximation, the s subshell photoelectron angular distribution is nearly independent of the photon energy and
nuclear charge number, but this situation is not for the p subshell. With the increase of photon energy, an abnormal
angular distribution is found for the p subshell photoelectron. However, if the non-dipole effects are included, the
abnormal photoelectron angular distribution of p subshell disappears and the photoelectron distribution has maximum
values respectively near 45° and 135° with respect to the polarization vector of incident light, that is, the photoelectron

distribution has an obvious forward scattering characteristic.
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