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Photoelectron asymmetry parameter of degenerate orbitals: The role
of time-reversal symmetry

Yoshi-ichi Suzuki
School of Pharmaceutical Sciences, Health Sciences University of Hokkaido, Japan

[ Abstract] The photoelectron asymmetry parameter S characterizes the direction of
electrons ejected from a randomly oriented molecular ensemble by linearly polarized light.
Symmetry properties of f is investigated in effective operator formalism. We show that £ is
totally symmetric under the symmetry operation of the point group of a molecule, and it has
mixed properties under time reversal. Therefore, all degenerate molecular orbitals, except for
the case of degeneracy due to time reversal, have the same S due to the Wigner-Eckart
theorem. The exceptions are e-type complex orbitals of the Cy, Sn, Cnn, T, and Tn point groups.
However, including those point groups, all degenerate real orbitals have the same f. We
discuss the implications of this operator formalism for molecular alignment and photoelectron
circular dichroism.
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Fig. 1 (a) Molecular orbitals of boric acid,
from which complex orbitals ¢ = 2-V2(gti
@) are defined to be Cs¢: = exp[+2in/3] @:.
(b) Photoelectron asymmetry parameters
for 4e’ orbitals of boric acid for ¢.(solid),
¢.(dashed), and average(dotted).
Photoelectron angular distributions are
plotted at 5.3 eV.

Table 1. Symmetries of the integral cross
section o(E), the first b:(E) and second S3(E)
order anisotropy parameters.

Time reversal ~ Point group
o(E) even true scalar
b1(E) mixed pseudo scalar
B(E) mixed true scalar
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