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Elastic cross sections of electron scattering with Zn and Cd atoms below 4 eV
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Theoretical elastic cross sections of electron scattering with Zn and Cd atoms are provided with a
static-exchange plus correlation-polarization potential formalism. A p-wave shape resonance state is
predicted for Zn as well as Cd atom. Elastic total cross sections and di8'erential cross sections at an an-
gle of 90 are given at the energies between 0.01 and 4 eV.

PACS number(s): 34.80.Bm

Only a few investigations have been made for the
scattering processes of very slow electrons with Zn and
Cd atoms. According to Hortop and Lineberger [I],
stable negative ions of Zn and Cd do not exist; the main
features of the scattering parameters would be the low-
lying shape resonances with very high and sharp peaks of
total cross sections at the resonance energies. Primary
experimental results for the positions of p-wave shape res-
onance states of Zn and Cd below 0.5 eV were given by
Burrow, Michejda, and Comer [2] using an electron
transmission method. Relative differential cross sections
(DCS) at an angle of 90' were measured by Kazakov [3]
at very low energies. The only ab initio calculation was
performed by Sin Fai Lam [4] using a relativistic static-
exchange plus polarization potential method, but the
theoretical prediction was given only for the positions of
the p-wave shape resonance states without any results for
cross sections. In this paper, our earlier calculations for
alkaline-earth atoms [5—7] are extended to the elastic
scattering of very slow electrons with Zn and Cd atoms
while paying attention to the low-lying p-wave shape res-
onance states. The purposes of the present calculations
are to give a theoretical explanation of the experimental
curves of Kazakov for DCS and to make up for the lack
of cross sections in both theory and experiment. The first
inelastic thresholds of Zn and Cd are near 4 eV. Below
this point the inelastic channels and effects of relevant
configurations are not significant, and one particle model
is powerful with suitable effective potential to describe
the elastic scattering. Therefore, first theoretical results
are given for the elastic cross sections below 4 eV.

The details of the theoretical method are given in our
previous papers [5,6]; here only the results are provided.
The total cross sections are plotted in Fig. 1. It is clear
that a sharp peak is produced for each atom in the total
cross section below 0.5 eV, which is associated with the
p-wave shape resonance state. The correlation potential
is used both with and without (parameter-free} a scaling
factor (=0.8} in the present calculation (see details in
Ref. [4]) and the corresponding results provide two limi-
tations gf the present data. The shape resonance states
occur at very low energies, so that the background of the
p-wave phase shifts are expected to be very small and the
contributions of s and d waves to the total cross sections
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FIG. 1. Total cross sections (in 10 ' cm ). The solid lines
represent the results of unscaled correlation potential; the bro-
ken lines represent the results of scaled correlation potential.
The two sets of data agree well above 1 eV.

are relatively small compared with the resonance partial
wave. This implies that the resonance energies can be ap-
proxirnated by the maximum points of the cross sections.
Then, the present calculations predict a p-wave shape res-
onance state for Zn near 0.22 eV with unscaled, and near
0.31 eV with scaled, correlation potential and a p-wave
shape resonance state for Cd near 0.1 with unscaled, and
near 0.18 eV with scaled, correlation potential. The posi-
tions of the p-wave resonance states are qualitatively in
agreement with the measured values of Ref. [2] and the
theoretical data of Sin Fai Lam [4]. Because other results
of cross sections are not available, comparisons cannot be
made for the total cross sections. The total cross sections
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correlation potentials coincide well in the plotted energy
region. We have given two limitations of the results with
unscaled and scaled correlation potential. Although the
present results of the p-wave shape resonance states
below 1 eV are only qualitative, the above conclusions
about the characteristics of the structures will not be
changed by the approximation. The relativistic e8'ects on

the total cross sections are generally small except in the
shape resonance region. To make quantitative compar-
ison, more reliable and complete experimental data and
more complicated calculations are needed.
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