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of exchange in individual partial cross sections,
even away from the resonance,

We conclude that a detailed representation of
short-range interactions, including exchange, is
essential in order to obtain accurate momentum-
transfer cross sections for highly polar mole-
cules. The use of crude representations of short-
range interactions does, however, yield results
which are qualitatively correct in the absence of
resonances, and hence we might hope that rela-
tively simple, yet reliable, model potentials can
be devised for more complicated systems. Meas-
urement of electron affinities, and experimental
observation of resonance behavior such as that
predicted here for LiF, could prove very useful
in this regard, because the accurate calculation
of these quantities is a stringent test of model
potentials, '
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Asymmetry of Compton Lines
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Because of the binding of the atomic electrons, the Compton line is asymmetric in
shape and its center of gravity differs from the position to be expected for free electrons.
Using a new Compton fluorescence method, this difference has been determined experi-
mentally for a number of elements and primary wavelengths and it is compared with
theoretical predictions. The agreement is satisfactory.

The spectral intensity distribution of the Comp-
ton line can be calculated by matrix elements f;;
including excited states. Bloch' investigated hy-
drogenic wave functions and found that their
Compton lines are asymmetric and shifted, It
has been shown recently? that the Waller formula
can be evaluated with the help of the Thomas-
Fermi approximation and leads also to any asym-

metric line profile, The shift of its center of
gravity is larger by a factor Z/(Z —F) compared
with the Compton shift 2, sin?¢/2, This means
a shift of the center to negative values in the mo-
mentum scale g. F is well known from the Wal-
ler-Hartree formula and depends solely on the
ground states, This result is generally valid and
independent of the Thomas-Fermi model. The
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TABLE I. Shift factor Z/(Z-F) measured with the Compton-fluorescence method.
Fluorescent
radiation (sing/2) /N, Al Ti Fe Cu
Zr Ko 1.18 A-1! Theor. 1.180+0,015 1.295+ 0,010
7\0=0.785A (¢ =127°) Expt. 1.17 +£0.03 1.26 +0.03 .
Mo Ko 1.26 .3(' Theor. 1,160+ 0.015 1.265+0.010 1.305+0.015
Ap=0.71 A (¢ =127°) Expt. 1,17 +0.03 1.25 +£0.03 1.29 +0.03
Ag Ka 1.60 A1 Theor. 1.110+0.015 1.18 +0.01 1.210+0.015 1.230+ 0,015
A;=0.56 A (¢ =127°) Expt. 1,11 +0.03 1.14 +£0.03 1.19 +0.04 1.24 +0.04

influence of the excited states is canceled out by
integrating over the whole Compton profile,

The experimental verification of this shift is
practically impossible using the conventional
x-ray method because of the difficulties in sep-
arating the wavelength-dependent background.

By a refined technique using convolution methods,
it was found that the shift factor is larger than
unity,® For a quantitative comparison with the
theoretical prediction, the accuracy, however,
still was too low, These difficulties were re-
moved almost entirely with the help of a new ex-
perimental technique in which fluorescence radia-
tion is used as the primary beam which is totally
free from the disturbing white spectrum.* The
advantage of this new technique is the very low
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FIG. 1. The arrangement of x-ray-fluorescence
Compton profile measurements. Sh, fluorescence
shield; S2, entrance soller slit of the crystal analyzer.
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and well-defined background compared to the
conventional x-ray method and a sufficiently
strong radiation, The principle is briefly illus-
trated in Fig, 1. The monochromatic radiation
from the fluorescence shield Sh has nearly the
same intensity as the Ka line from the x-ray
tube, because the whole spectrum of the tube
comes into action to produce the fluorescence
radiation, KB is removed by a filter F.

The experimental results are listed in Table I
together with theoretical values based on calcu-
lations of Cromer and Mann,® The quite satisfy-
ing agreement permits the conclusion that the
theoretical prediction is essentially correct and
we are thus able to use the measurement of the
shift factor as a criterion for the validity of ap-
proximations in atomic and molecular wave func-
tions.

There is no doubt that these new theoretical
and experimental results are of interest also for
a more accurate determination of electron mo-
mentum density distributions,
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