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Abstract. A newly proposed analytic method to calculate static potential has been ap-
plied to study the elastic scattering of electron with CO2 molecule. The molecule has
been represented as a test case by using STO−3G Gaussian wave functions initially. Re-
sults obtained for differential cross-section show good agreement when compared with
experimental reported results.

1 Introduction

Optical potential model calculations have proved to be a very successful approach to study elastic
electron-atom scattering. However, studying electron scattering from molecules using optical poten-
tial model calculations is complicated by the fact that molecules are a multi-centered target with the
nuclei of the constituent atoms being a center of charge. Thus one of the most important parts of this
scattering calculation is to obtain the static potential, which represents the interaction of the incident
electronwith the unperturbed charge distribution of the molecule. This job is very difficult and has
been a challenge if multi-center wavefunctions are to be used for the molecular target.
Most of the calculations, therefore, used independent atom model where the electron-molecule

scattering results are obtained by first considering the scattering of electron from the individual con-
stituent atoms of the molecule and then getting the results for the molecule in approximate way whose
reliability is questionable. In the present work, we adopt an approach where an analytic static potential
is first generated from the multi-center molecular wavefunctions which can then be directly utilized in
the optical potential method for studying the general case of electron scattering from molecules. Re-
cently we have applied this analytical static potential approach to study electron scattering from water
molecules represented by Gaussian wavefunctions [1]. Our method has given a very good description
of electron-water molecule elastic scattering.

2 Results

In the present work we have extended our method in studying the elastic electron scattering from
the linear molecule CO2 using such an analytical static potential. We have obtained the spherically
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Figure 1. Differential cross-section of the elastic scattering of electron-CO2 molecule at incident electron energy
20 and 30 eV.

symmetric part of the static interaction between an electron and CO2 molecule represented by Gaus-
sian wave functions. Since this molecule has no permanent dipole moment, we expect our method
to produce accurate results for elastic scattering. As an illustration, we have presented our results for
differential cross-section (DCS) of the elastic electron scattering of CO2 molecule at electron impact
energy 20 and 30 eV in the Figure 1. Our results are compared with existing experimental data [2–6]
for this process to assess the accuracy of the method and we observed good agreement. Details of the
method to obtain the static potential along with the description of full optical potential model can be
followed from our earlier paper [1]. With the present work we show that it is possible to carry out the
integrations analytically in order to find the spherically symmetric static potential due to the electronic
charge distribution of an arbitrary molecule which is represented by Gaussian wavefunctions. Thus
the accuracy of this potential is limited only by the accuracy of the molecular wavefunctions. Since
our method is analytic , provided the molecule is represented by the well-known Gaussian wavefunc-
tions, it can be applied to arbitrary molecular systems and requires much less in the way of computer
resources than methods which depend on direct numerical integration of the wave function. There
is no error in our method of evaluating of the static potential of the wave function and thus accurate
Gaussian wavefunctions for a molecule will lead to correspondingly accurate potentials.

Acknowledgements

Work is supported by DAE-BRNS Mumbai and CSIR, New Delhi.

References

[1] T. Das, A. D. Stauffer and R. Srivastava, Eur. Phys. J. D 68, 4 (2014).
[2] T. W. Shyn, W. E. Sharp and G. R. Carignan, Phys. Rev. A 17, 1855 (1978).
[3] D. F. Register, H. Nishimura and S.Trajmar, J. Phys. B 13, 1651 (1980).
[4] J. C. Gibson, M. A. Green, K. W. Trantham, S. J. Buckman, P. J. O. Teubner and M. J. Brunger,
J. Phys. B 32, 213 (1999).

[5] I. Kanik, D. C. McCollum and J. C. Nickel, J. Phys. B 22, 1225 (1989).
[6] H. Tanaka, T. Ishikawa, T. Masai, T. Sagara, L. Boesten, M. Takekawa, Y.Itikawa and M. Kimura,
Phys. Rev. A 57, 1798 (1998).

EPJ Web of Conferences

08017-p.2


