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Electron scattering from sodium atoms has provided one of the most detailed test
grounds for electron-atom collision theory (for an overview, see Bray (1994a), Andersen
et al (1996), and references therein). In particular, the "convergent close-coupling"'
(CCC) approach, first described by Bray and Stelbovics (1992), is the only theory to date
that is able to reproduce the spin asymmetries and spin-resolved angular momentum
transfers measured by the NIST group (see Kelley el al (1992), and references therein) at
essentially all energies and scattering angles for which experimental data are available.

The basic ideas behind the CCC approach have been summarized elsewhere and will
not be repeated here. Details can be found in Bray and Stelbovics (1995) and Bray and
Stelbovics (1996). For our case of interest, electron scattering from sodium atoms, the
total wavefunction for the projectile and the active target electron is described through
a close-coupling expansion, in which the target state, ire obtained by diagonalizing
the target hamiltonian in a large Laguerre basis. Due to the finite range of these
basis orbitals, the expansion also contains square-integrable discrete states with positive
energy that simulate the effect of the true target continuum states very well, at least in
the interaction region spanned by the physical target states of interest.

In contrast to electron collisions with atomic hydrogen, however, scattering from
other neutral targets always involves some ambiguity in the description of the target
itself. In the CCC calculation of Bray (1994a), the interaction of the valence and the
projectile electrons with the core was described through a frozen-core Hartree-Fbck
potential (see Eq. (3) of the paper). On the other hand, a local approximation for the
intrinsicly non-local exchange part of this interaction potential was employed in a recent
second-order Born calculation (Madison et al 1992). The question thus remains whether
collision models with such local potentials have any chance to be successful on the most
detailed level or whether an ab iniiio treatment of core exchange effects is absolutely
required. This problem is addressed in the present Letter.

In a frozen-core model, one generally calculates valence orbitals as eigenfunctions of
the modified core potential

where the static potential is the standard Hartree potential (Hartrce 192S)
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The sum runs over the principal and orbital angular momentum quantum numbers,
nc and (C1 of the radial core orbitals Pnc<c with occupation numbers 2(2<V. + 1).

Next, a core polarization potential of the form (Norcross 1974)



is usually included, with the cut-off parameter rc adjusted to fit the one-electron
ionization potentials of the members in various Rydberg series. Note that it is,
in principle, possible to use different potentials for each orbital angular momentum,
which gives additional flexibility in the optimization process. Due to the small dipole
polarizability of the Na+ core (oj SB 1 ajj), however, this effect is only of minor
importance for the present case of interest.

Much more important, on the other hand, is the treatment of exchange effects
between an outer electron (valence or projectile) and the core. In the standard Hartree-
Fock treatment, this requires the use of the non-local exchange (Fock) potential defined
by
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where /•>('") is a radial function with orbital angular momentum C, I * ' ) is a

standard lij-syinbol. and r<, ;•> denote min(r, r') and max(iv'), respectively.
Although it is not fundamentally difficult to use such a non-local potential, many

calculations have been performed with local approximations for the exchange potential.
The tniiin advantage lies in the simplicity of a local potential and its ready compatibility
n-itli oilier computer codes (ftarlschal 1996). With this in mind, Albright el al (1993)
defined a potential of the type introduced by Furness and McCarthy (1973),

E - V;,,tir(r))- + -\-p[r)]i - (E - VMlK{r))} - (5)

where /i(r) is the electron density in the core and the energy E was chosen as zero to
ensure orthogonal orbitals. This potential, together with optimized parameters in the
polarization potential, allowed for an excellent reproduction of the Rydberg series in
several quasi-one electron systems (Albright el al 1993). It was then used, for example,
in the second-order distorted wave collision calculation of Madison ct til (1992).

In order to test the quality of a local exchange potential, we have performed CCC
calculations for electron scattering from sodium atoms and replaced the frozen-core
Fock potential (-1) by the local potential (5). In figures 1 and 2, we show our results for
the exchange asymmetry parameter A for elastic 3s —* 3s scattering and for 3s —v 3p
electron impact excitation at an incident electron energy of 10 eV, followed by the singlet
and triplet angular momentum transfers L'± in figures 3 and 4. The results obtained
in the original CCC calculation with the frozen-core flartree-Fock potential, the CCC
calculation with local exchange and polarization potentials, and the CCC calculation
with the static Hartrce potential alone are compared with the experimental data of the
NIST group (Scholten el al 1991). Comparison with other theories may be found in Bray
and McCarthy (1993). The measurements were performed by scattering spin-polarized



electrons from laser-prepared spin-polarized sodium atoms. These results represent some
of the most detailed data currently available for e-fSTa collisions. In particular, the clastic
spin asymmetry and the angular momentum in the singlet channel have proven to be a
major challenge for theorists since the results depend very sensitively on the details of
the theoretical model (Bray 199-14). Consequently, it is not surprising that the results
obtained with the Hartree potential alone exhibit only marginal resemblance to the
experimental data. On the other hand, there is extremely good agreement between the
measurements and the predictions of the two CCC calculations with local and non-local
treatment of core exchange effects.

Given the demonstrated (not-surprising) very large effect of core-exchange, these
calculations are ideally suited to test the quality of its treatment. Yet we have found that
the approximate local potential treatment yields almost identical results to the ab-initio
non-local treatment of this potential. This indicates that a local core potential obtained
with a suitable optimization procedure is, indeed, sufficient not only for detailing the
target structure, but also for performing scattering calculations. It also puts other
calculations using such a potential on a firm footing and confirms that the differences
between the CCC results (Bray 199-1 a) and those from the other approaches (Madison
et al 1992) are not due to different treatments of the atomic structure part. Instead,
they are almost exclusively due to the treatment of the collision dynamics.

Acknowledgments

This work was supported, in part by the United States National Science Foundation
(KB), the Australian Research Council (IB), and the Flinders University of South
Australia (IB). One of us (KB) would also like to thank Flinders University for
supporting his visit through a Senior Visiting Fellowship.

Research sponsored in part by the Phillips Laboratory, Air Force Materiel
Command, USAF, under cooperative agreement number F29601-93-2-0001. The views
and conclusions contained in this document are those of the authors and should not
be interpreted as necessarily representing the official policies or endorsements, either
expressed or implied, of Phillips Laboratory or the U.S. Government.

References

Albright D J, Bartschat K and Flicek P R 1993 J. Phys. B 2(5, 339
Andersen N, Bartschat K, Broad J T and Hertel I V 1996 Phys. Rtp. in press
Bartschat K 1996. In Computational Atomic Physics Bartschat K, ed. Springer (Heidelberg, New York)
Bray I 1994 a Phys. Rev. A 49, 1066
Bray I 199-16 Phys. Rev. A 49, III
Bray I and McCarthy I E 1993 Phys. Rev. A 47, 317



Bray I and Stelbovics A T 1992 Phys. Rev. Lett. 69, 53 • ' •

Bray I and Stelbovics A T 1995 Adv. Atom. Mol. Phys. 35, 209
Bray I and Stelbovics A T 1996. In Computational Atomic Physics, ed. Bartschat K, Springer

(Heidelberg, New York)
Furness J B and McCarthy I 1973 / . Phys. 8 6, 2280
Hartree D R 1928 Proc. Camb. Phil. Soc. 24, 111
Kelley M H, McClelland 3 J, Lorentz S R, Scholten R E and Celotta R J 1H92. In Correlation and

polarization in electronic and atomic collisions and (c,2c) reactions, eds Teubner P J O and
Weigold E, Institute of Physics (Bristol) p. 23

Madison D H, Bartschat K and McEachran R P 1992 J. Phys. B 25, 5199
McClelland J J, Lorentz S R, Scholten R E, Kelley M H and Celotta R i 1992 Pkys. Rev. A 46, 6079
Norcross D 1974 Phys. Rev. Lett. 32, 192
Scholten R E, Lorentz S R, McClelland J J, Kelley M H and Celotta R J 1991 J. Phys. B 24, L653



60 90 120

scattering angle (deg)

150- ISO

Figure 1. Spin exchange asymmetry parameter /l3,_3, for elastic scattering of spin
polarised electrons from spia-polarized sodium atoms at an incident electron encrg
of 10 eV. The experimental data, of McClelland et al (1992) are compared wit
CCC results obtained by using the frozen-core Hartree-Fock potential ( •), a loct
approximation for this potential ( ), and the static Hartree potential (— - —
alone.
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Figure 2. Same as figure 1 for the exchange asymmetry parameter A3,-3p in electron
impact excitation. The experimental data are taken from Scholten et al (1991).
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Figure 3. Angular momentum transfer L\ in the singlet spin channel for electron
impact excitation of sodium atoms. The theoretical curves are labeled as in figures 1
and 2- The experimental data are taken from Scholten et al (1991).
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Figure 4. Same as figure 3 for the angular momentum transfer L'± in the triplet spin
channel.


