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Magnetic susceptibility for Ne derived from small-angle electron scattering data

Y. Zhang and M. Fink
Physics Department, University of Texas at Austin, Austin, Texas 78712

(Received 18 August 1986)

A calculation of (r ) for Ne from 35-kev electron scattering data is given. The result is com-

pared with the former experimental value given by the diamagnetic susceptibility. The scattering re-

sult agrees with the theoretical calculations involving configuration-interaction wave functions but
differs from the experimental value.
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FICx. 1. Elastic electron scattering data and fitted curve of
Ne.

Usually, theoretical calculations of (r ) of atoms and
molecules are compared with the result given by the di-
amagnetic susceptibilities of the sample. In the case of an
atom, (r ) can be evaluated from the equation:

2

X=—,(r') . (l)
6mc

Theoretical calculations on Ne have shown apparent
discrepancies' with experimental results of magnetic sus-
ceptibility. In this paper evaluation of (r ) for Ne from
high-energy electron scattering results is given. The new
value is compared with previous calculations.

The elastic differential cross sections of high energy
(30—35 keV) electrons scattered by atoms or molecules, in
the first Born approximation, can be expanded in a power
series of the momentum transfer. The coefficients of
such an expansion have explicit relations with the mul-
tipole moments of the charge densities of the scattering
target. Because Ne is an atom, the quadrupole moment of
which vanishes, the forward differential cross section can
be written

where 0 is the scattering angle, y is the relativistic factor,
and the quantities in this formula are in atomic units.

The data used in this work are the result of Coffmann
and Fink's study on small-angle scattering by Ne at 35
keV (y=1.068). A polynomial least-squares fitting was
used to extrapolate data at zero scattering angle. In such
a method we assume

do g gg2 Cg4 (3)

in which S is the momentum transfer of the electrons.
The coefficients are solved under the least-squares condi-
tion. En the calculation, fitting up to the third order was
used. The fitted curve is shown in Fig. 1. Our result
gives

dQ
=3.29+0.05 A (4)

HF' CIb

TABLE I. ( r ) of Ne (A 2).

ES MS'

2.62 2.673 2.60 2.69%0.03 2.46+0.05

'Hartree-Fock calculation, Ref. 1.
Configuration-interaction theory, Ref. 7.

'Relativistic scattering factor, Ref. 6.
Electron scattering result.

'Experimental result from magnetic susceptibility, Ref. 8.

(r ) based on this value is 2.69+0.03. Fittings of other
orders were also calculated. The deviations of A by these
calculations were within our experimental limit. In order
to estimate the correction of the partial-wave effect, we
compared the result of the Hartree-Fock (HF) wave func-
tion calculation ( ( r ) =2.62 A ) and the result from rela-
tivistic scattering factor. The latter is a relativistic
partial-wave calculation of the scattering factor using the
HF wave functions as the scattering potential, ' and the
same fitting procedure as used to obtain (4). The differen-
tial cross section was taken as
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dQ

wave functions. The former experimental value could
not be confirmed.

We found the zero-angle scattering factor f(8=0) and
put this result into Eq. (2) to get (r ). The difference of
the results of these two methods is, as can be seen in Table
I, less than 1%%uo. This gives the estimation of the correc-
tion to the first Born approximation. Our result of the
scattering measurements shows good agreement with the
theoretical calculations based on configuration-interaction
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