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Calculation of the Inelastic Scattering Factor for the 3p to 4s
Transition in Argon at 40 kv
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and U.S. Naval Research Laboratory
Washington 25, D.C., U.S.A.

The results of a calculation of the inelastic electron scattering factor for the excitation
of low lying bound states in atoms are presented. Calculations of the detailed shape of
the angular intensity for scattered electrons exciting the (3ps, 4s!) state of Argon have

been made and the details are presented.

The calculation predicts that the scattering

intensity is sensitive to the detailed structure of the radial atomic wave functions in

both the ground and excited states.

Introduction

With the development of high resolution
electron spectrometers it has become possible
to measure the inelastic differential scatter-
ing cross sections for the electron excitation
of the low lying bound states of atoms! 2%,
At accelerating potentials in the 40kv re-
gion the electron wave length is sufficiently
short to allow resolution of the details of the
electronic structure. The dependence of the
form factors for inelastic scattering from
bound states of atoms is then of some theo-
retical interest since it may be possible to
obtain information about the electron distri-
bution in the ground and excited states of
atoms and molecules from inelastic scattering
experiments. Argon was picked for the pur-
poses of this investigation since Hartree-
Fock SCF calculations are available for the
wave functions for the ground state and the
first excited state (3p° 4s)¥:%,
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2. Theory
If exchange terms are neglected the Schrod-
inger equation for the inelastic scattering of
electrons which excite the pt* state of the
atom can be written to first order as®
7+ kR FAr) =22 ) o) Upe(ro) (1.0)
¥4

where F”(r,) is the scattered amplitude for
the pt* state, F°(r,) is the scattered amplitude
for elastic scattering, @, and a, are Fourier
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expansion coefficients for which available
experimental evidence indicates that a,>
a(p+0)" and Up(r,) is given as

Upo<ro>=—%<w<r> L sozv°(r)> (L.1)
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In equation (1.1) “‘@’ is the relativistic Bohr

radius, ¢x?(r) is the one electron wave func-

tion for the electron involved in the excita-

tion process in the p** state (in this case the

4s wave function for argon) and ¢x°%r) is

the one electron wave function for the ground -
state (the 3p wave function for argon).

The simplified form for equation (1.1) arises
because the ground and excited state wave
functions are orthogonal and also because the
3p, 3s, 2p, 2s and 1s radial wave functions
in the ground state are very similar to those
in the excited state?:® and for this reason
have been assumed to be the same. Effects
due to spin have also been neglected. The
first Born approximation results in the ex-

pression
( ZZao >
aa,

o\ XD (TRo7)

3k ”("o)—-szo

x{ox™(r)lexp (i8S, -1)lex*(r)> (1.2)

for the scattered amplitude where S, is the
diffraction variable

Sp=1v"k*+ k2 — 2ksk, COs 0 (1.3)

which for small energy losses is nearly the
usual electron diffraction scattering variable
5
For argon equation (1.2) further simplifies
. ,—exp (tkor)

to
o 2Zao
3 11/3 7Sy? < aap >

XLpw?(NJ(Sen)°n(7))

F?(r,)

(1.4)
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where 7,(S,7) is a spherical Bessel function of
order 1.

3. Results and conclusions

Equation (1.4) has been evaluated numeri-
cally using both Hartree-Fock SCF wave
functions*® and Slater hydrogenlike one
electron functions®. The results are shown
in Fig. 1. In Fig. 2, the angular dependence
of the scattered intensity has been plotted
using the Hartree-Fock functions. It is ap-
parent that the use of very approximate wave
functions washes out a great deal of the
detail in the angular dependence and thus
would not be a suitable approximation for
inelastic structure investigations. It is also
apparent that the inelastic scattering intensi-
ty computed from the above approximations
contains features dependent on the detailed
shape of the ground and excited state wave
functions which are in an experimentally
accessible region of the scattering curve. Of
even greater interest are the facts that, us-
ing the above approximations, the inelastic
scattering is mainly electron-electron in na-
ture and depends mainly on the excited elec-
tron for the case of the excitation of low
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Fig. 1. The Matrix Element
<04t (1)|71(Spr) | a°(r) >
for the Excitation of the 3p’4s! State of Argon
— Scattering factor calculated using Hartree-
Fock SCF radial wave functions.

----  Scattering factor calculated using
Slater hydrogen-like radial wave functions.

Fig. 2. Plot of the Calculated Angular Intensity for Scattered Electrons Exciting the (3p%4st)

State of Argon.
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lying excited states which can be described
in terms of a one electron process.
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DISCUSSION

W. C. HaMmiLTON :

I would like to ask Dr. Bonham whether he thinks that the chief

interest in experimental determination of inelastic scattering factors is to provide a
test for the types of approximation used in theoretical calculations of excited state

atomic wave functions?
R. A. BoNaAM:

Yes, the importance of conducting such experiments would be to

determine experimentally the excited state wave function in cases where the ground

state function is known from theory.
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An energy analyzer has been used to study electrons diffracted by gases.
and inelastic coherent scattering patterns have been observed.

Both elastic
In addition, the charac-

teristic energy losses of N; and Brs; have been measured.
A predicted inversion of a coherent inelastic scattering pattern for electrons scattered
by diatomic molecules has been observed for 20 keV electrons scattered by Br;.

An electron energy analyzer of a modified
Mollenstedt type” has been used to study
electrons diffracted by gases. The apparatus
has been described in detail elsewhere?. After
diffraction, the electrons pass through the
electrostatic analyzing lens, in which their
path is quite sensitive to small changes in
their energy. The results are then recorded
on photographic plates. This provides a
measurement of both the magnitude of the
energy lost, and of the angular distribution

of the scattered electrons.

Coherent diffraction patterns have been ob-
served from both elastically and inelastically
scattered electrons. In both cases, the mole-
cular scattering pattern is superimposed on a
steeply falling background due to atomic
scattering. The intensity of electrons scat-
tered with a loss of energy is quite low (less
than 10% of the total), and falls off extremely
rapidly with increasing angle of scattering.

The characteristic energy losses of 20 keV





