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THEORY OF ELECTRONIC, ATOMIC, AND MOLECULAR

CALCULATIONS

R. K. Nesbet

I BH Research Laboratory

San Jose, California 95193

Response to Summary Questionaire,

ONR Contract No. N00014-79-C-0406

1. Principal Investigator:

Robert K. Nesbet

2. Contract Description:

The general subject matter is atomic end molecular

scattering theory.

3. Scientific Problem:

The now methods to be developed have many specific applications.

Quantitative calculations of atom-molecule and of electron-molecule

scattering cross sections are required for verification of qualitative

interpretations of complex experimental data, for prediction of funda-

mental rate constants that may not at present be directly measurable,

sad for provision of accurate standard cross sections for calibrating

experimental data.

4. Scleatife and TeGhmical Approach:
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The general approach is to develop computational methods that are

quantitative in the sense of being based on the exact formal theory of

the processes considered, and are practicable, in the sense of being

capable of implementation on digital computers at the present level of

technology. For atom-molecule scattering, a new method is being devel-

oped that extends a recent theory of the action constants of nonsepara-

ble dynamical systems to collision problems. For electron-molecule

scattering, a new method for treating vibrational and rotational

excitation has bean developed, formal theoretical relations needed in

detailed applications of this method are being derived, and a new vari-

ational approach to quantitative fixed-nuclei calculations is being

planned for practical implementation.

5. Progress:

A. Fourier transform method for molecular collisions

The technique of imposing an infinite potential barrier, to

convert collision dynamics into bound motion, has been tested for simple

model problem. The technique of converting Percival's nonlinear

equatioa to iterated inah- aes linear equations, with quadratic

convergence, has also been tested. The general methodology has been

tested for exmles of double-well potential functions. The conceptual

basis of reactive collision prbles Is this fornalism has been charac-

terlsed, resluiag inltiple-valued invariant toroids in which different

mrrsagmet shoots re emoeeted acros brch cuts.
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developed, making use of the Green's function, appropriate to exact

solution of a multichannel model scattering problem. The resulting

Lippmann-Schwinger equation gives an expression for the incremental

reactance matrix (K-matrix) in terms of the residual multichannel

potential function or Hamiltonian. This result can be used directly, in

a distorted-wave approximation, valid when the residual potential is

weak, or indirectly, through a multichannel Schwinger variational

principle, for quantitative calculations.

C. Theory of multichannel threshold structures

A new formal analysis of multichannel threshold theory has been

carried out, leading to matrix formulas that separate background

scattering from the effects of pole singularities. This separation is

required for application in electron-molecule scattering.

D. Electron-molecule scattering

The EMA method for vibrational excitation in electron-molecule

scattering has been extended to provide a new theory of dissociative

attachment and of the inverse detachment process.
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7. Extenuating circumstances: None

8. Unspent funds: Not expected

9. Graduate students: None

10. Other Federal grant or contract support: None
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