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Abstract. The application of the Schwinger variational principle-SVP and, in
particular,the second Born approximation to the evaluation of scattering amplitude
and integral cross sections for eletron-atom impact is discussed. The SVP involving
the expansion of the wave function as a plane wave is shown to be an effective
approach and several details of the method are discussed.

1. Introduction

Investigation and development of alternative variational procedures are of great
importance in dealing with scattering problems [1]. On one hand, the variational
procedures are more effective than the direct numerical methods which, when ap-
plied to realistic problems, can tax even the largest computers. On the other hand,
there is still a clear need for workers to determine the relative advantages of alter-
native variational methods in scattering theory [1]. Several recent applications have
shown that the Scwhinger variational principle (SVP) is an effective and promising
approach to the electron - atom (or molecule) collision problem. The Schwinger
method, which allows one to expand trial scattering functions exclusively in terms
of discrete basis functions has evolved as a more general numerical approach to
electron-molecule scattering. The purpose of this paper is to illustrate the efficiency
of SVP using a plane wave. For this reason, a detailed numerical and theoretical
analysis of the method has been carried out (see [2]) and the main results will be
presented here. The calculations have been performed for electron scattering in the
static field of the hydrogen atom.

2. The Schwinger Variational Principle

The total Hamiltonian of the system may be written as

H:Ho"’_vv;

where H,, describes the two independent colliding systems and where V is the inter-

action potential. Let ®; and W¢ be the initial and final free waves while Nise)

,~ and
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\If}f) denote the solutions of the Lippmann-Schwinger equations

(0 >=] @, > 4GV 0 >,

|05 =0 > +6OV 0l >,

where
1
(E — H, + ie)
are the two Green operators associated with H,. Then, the differential cross section
of this collision is given by

G =

do k_f

- 2

where EZ and k ¢ are, respectively, the initial and final propagation vectors of mag-
nitude k. The scattering amplitude is such that

[fig] =< O |V]e; > .
Lippmann and Schwinger[1] proposed for the quantity [f;s] the stationary expression
fif] =< OO WVI@; > + <@g Vo) > — < 0|y —veHv e s,

which is known as the bilinear form of the Schwinger variational principle. Expan-
sion of \lIJEJr) > in terms of Slater determinants and the requirement of stability
with respect to variation of the coefficients leads to
< UV >< ap Vel >

<V —velIvies >

[fif] =

We call variational formulation the choice
|0 =) @, >= ik, (2.1)
|0 =] @y >= i (2.2)
Using equations (2.1) and (2.2) in (2.) [f;y] becomes

1

_ (1)
(fle = fy [W

1, (2.3)

where

D —< oV, >

is the scattering amplitude in the first Born approximation (FBA) and where
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@) —< o, VEHIV|B; >,
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— -,

f g) being the scattering amplitude in the second Born approximation (SBA).

3. Results and discussion

We applied the approach described in the preceding section, equation (2.3) to cal-
culate the elastic cross section for the scattering of eletrons by hydrogen atom.
The matrix elements of the potential given in (2.3) are easily calculated using the
Dalitz transformation [3]. Although the correct treatment of exchange and of po-
larization effects is known to be important, we surprisingly found that the present
static results are in very good agreement with other results. Our results are also
useful to establish benchmarck calculations at the static level of approximation,
indispensable in the development of a more complete formalism including exchange
and polarization effects. Based on previous experience [2, 4], we do not expect this
to be a serious limitation at energies above 100 eV.

We have calculated integral elastic cross sections at a number of energies for H
atom. The values obtained for the integral cross sections (using also present FBA
and SBA) are compared in Table I.

Table I: Integral cross section (a2): electron - H

Energy(eV) | FBA(our result) | SBA(our result) | SVP(our result) | Ref.[5]
217.6 0.446 0.996 0.528 0.529
340.0 0.289 0.399 0.327 0.327
489.6 0.201 0.272 0.224 0.223
666.4 0.147 0.199 0.162 0.161

Theoretical cross section using static-exchange and multichannel effects with the
Pade approximation is included for comparion [5]. We have noted that the SVP is a
slightly more rapidly convergent procedure. Since, for electron scattering, the only
difference between our SVP and [5] is due to multichannel effects, we may conclude
that these effects are not important for E > 100 eV.
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