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For understanding chemical reactions in the upper atmosphere and plasma environments, detailed knowledge of photo-
and electron-impact induced electronic excitations of molecules is required. Considering the fact that many of the
molecules in such environments are rotationally and vibrationally excited, we have attempted to develop a method to
investigate electronic excitation processes at high temperature using electron energy loss spectroscopy (EELS) in
conjunction with our newly-developed theoretical method to evaluate contributions of vibronic effects.

First, we have conducted experimental and theoretical studies on electron-impact induced valence-shell electronic
excitations of CO,  which plays important roles in planetary atmospheres. Experimentally,
momentum-transfer-dependent electron scattering cross sections for the low-lying electronic excitations have been
derived from electron-energy-loss spectra measured at room temperature. Theoretically, we have calculated the
electron scattering cross sections using wave functions at the equation-of-motion coupled-cluster singles and doubles
level. In the calculation, vibronic effects have been taken into account using a method developed by us. Comparisons
between the experimental and theoretical results for the 1A, and 1I1y transitions reveal prominent roles of strong
coupling between the associated Rydberg and valence excited states through the bending vibration of CO,.
Furthermore, it has been shown that the incorporation of vibronic effects leads to the remarkable enhancement of the
intensity of the 211‘1g transition, being dipole forbidden, and that its optical oscillator value becomes comparable to
that for the adjacent 'IT, dipole-allowed transition. We have subsequently investigated the influence of
vibronic-coupling on electronic excitations in some simple molecules. It has been shown that our theoretical method
allows one to predict temperature dependence of electronic excitation probabilities. Furthermore, we have developed a
method of coincident detection of inelastically scattered electrons and fragment ions to provide a firm basis for
investigating electron-impact induced fragmentation processes under high temperature conditions.




