Electron Impact Ionization of CH, for Different Momentum Transfers
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Synopsis The electron impact single ionization of the outer valence orbital 1#, of methane is investigated theoretically using
an expansion on Generalized Sturmian Functions. Triple differential cross sections, calculated for several coplanar asymmetric
geometries, are compared with other theoretical models and with two sets of relative experimental data (incident energy of 500
eV and 250 eV). An analysis with respect to the momentum transfer is presented. A double peak structure in the cross section
binary region, a clear signature of the p-nature of the molecular orbital, is predicted for given kinematical conditions.

We study the electron impact ionization of CHy
from the outer valence orbital 1#,. We calculate
triple differential cross sections (TDCSs) for copla-
nar asymmetric geometries, and compare them with
those obtained with other theoretical results (in an
absolute scale), and with the relative scale measure-
ments reported in Refs. [1] and [2], The binary to re-
coil ratio is analyzed as a function of the momentum
transfer. Some of our results were already presented
in Ref. [3].
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Figure 1. TDCS for CH, (17,'). Kinematic condi-
tions: incident electron energy E; = 250 eV, ejected
electron energy E;, = 50 eV. Scattered electron detected

at 6, = —20°. Experimental data from Ref. [2].

The TDCSs are obtained using a Sturmian
approach with generalized Sturmian functions
(GSFs) [4]. Such approach has been used to study,
among others, single photoionization of atoms and
small molecules [5]. In order to simplify the scat-
tering problem, we use as molecular potential the
one described through a static exchange approxima-
tion [7], make the one-center expansion, and take
the initial state wave function from Ref. [6]. In a
first Born approximation, the scattering wave func-
tion describing the ejected electron is expanded in a
set of GSFs with appropriate Coulomb asymptotic
conditions; this allows us to extract the scattering
amplitude directly from the expansion coefficients,
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without the need of calculating a transition matrix
element.
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Figure 2. Same as Fig. 1, bur for ejected electron with
E,=30eV.

In Fig. 1 we present an example of one of the
kinematical conditions reported in Ref. [2]. The bi-
nary peak is clearly dominant. As an extension (and
a complement) to such experimental results, we con-
sider other parameters; in the case presented in Fig. 2,
for example, we predict a double peak structure in the
cross section binary region, which is a clear signature
of the p-nature of the molecular orbital.
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