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ELECTRON SPIN POLARIZATION BY ELECTRON-MOLECULE COLLISIONS*
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A great deal of our present knowledge of mol-
ecules has been obtained by electron-scatter-
ing experiments. So far, only scattering inten-
sities were observed in these experiments;
one measured the angular distribution of the
scattered intensity or its energy dependence,
and from these data one could draw conclusions
about the structure of the scattering centers.

It is the aim of the present paper to demon-
strate that information independent of the scat-
tered intensity can be obtained from experiments
of this kind. Electrons scattered by molecules
can have an appreciable spin polarization giv-
ing additional information about the scattering
center which cannot be obtained by intensity
measurements. [The spin polarization P of
an electron beam is defined as (Ny-Ny)/(Ny+Ny),
where Ny and Ny are the numbers of electrons
with spin parallel and antiparallel to the direc-
tion of quantization which in our case is given
by the normal to the scattering plane. ]

Figure l shows the polarization (points with
statistical error) of 300-eV electrons scattered
elastically by C,H, I and I, at scattering angles
between 30 and 150'. Similar measurements
have been made at other electron energies and
with other molecules; they will be published
elsewhere. The experimental method is very
similar to that which has been fully described
in a previous paper' and can be outlined as fol-
lows:

A beam of monoenergetic electrons crosses
a molecular beam by which some of the elec-

trons are scattered. The scattering angle 6I

could be varied between 0 and 150'; the angu-
lar resolution was 1'. The scattered electrons
first pass through an energy filter lens which
removes inelastically scattered electrons.
They are then post-accelerated to 120 keV and
enter a Mott detector in which their polariza-
tion is analyzed. For the measurement of the
differential cross sections, which are also rep-
resented in Fig. 1, the scattered intensity was
recorded instead.

The polarization effects shown in Fig. 1 are
very similar to those found earlier with mer-
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FIG. 1. Polarization (points with statistical errors)
and differential cross section (arbitrary units) versus
scattering angle 9 for 300-eV electrons scattered by
C,H,I and I, .
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cury atoms. '~' The polarization curve P(6)
has an oscillating character with a positive
and a negative peak near the deep minimum
of the cross section.

It is interesting to compare the polarization
curve from C,H, I with that from the iodine mol-
ecule. The structure of this curve is the same
in both cases,' minima and maxima are at the
same angles, but their values are higher in
the case of I,. We know from other measure-
ments we have made that electrons scattered
by atoms with a low atomic number (like H

and C) are virtually unpolarized (the spin-or-
bit coupling which is responsible for the polar-
ization effect is very small there). So, we can
consider the scattered electron wave in the
case of C,H,I as being composed of two parts'.
One part comes from the iodine atom and is
marked by its polarization, ' this polarization
is "diluted" by the unpolarized part coming
from the C and H atoms. Comparing the polar-
ization in the case of C,H,I with that of the io-
dine provides a means of solving, in this ex-
ample, the old problem in slow-electron scat-
tering' of telling how much of the scattered
intensity comes from one part of the molecule
and how much comes from another part.

Generally speaking, the polarization is giv-
en by4

. FG*-F*G
I+I'+ IGI"

where the complex functions F and G are ob-
tained by coherent superposition of the ampli-
tudes scattered by the single atoms of the mol-
ecule, provided that the independent-atom mod-
el (free atoms in the geometrical arrangement

of the molecule) holds. This formula shows
that measurements of the polarization yield
information on the complex scattering ampli-
tudes F and G which is different from that ob-
tained by a measurement of the cross section
do'/dQ = IE I'+

I G I2. Therefore, measurements
of the polarization give insight into the molec-
ular structure which is independent of that ob-
tained by the measurements of scattered inten-
sities made up to now.

For a quantitative analysis of molecules by
means of experimental polarization curves one
needs as a first step the scattering amplitudes
of the single atoms calculated on the basis of
Dirac's equation. Calculations of that kind are
feasible nowadays as the results of Holzwarth
and Meister' as well as Bunyan and Schonfeld-
er show, and they are of great accuracy. '
Calculations for the other elements are high-
ly desirable.

*Work supported by Deutsche Forschungsgemein-
schaft.

)Visiting Professor at Department of Physics, Stan-
ford University, Stanford, California.

~K. Jost and J. Kessler, Z. Physik 195, 1 (1966).
2H. Deichsel and E. Reichert, Z. Physik 185, 169

(1965).
3A. L. Hughes and J. H. McMillen, Phys. Rev. 44,

876 (1933); H. S. W. Massey and E. H. S. Burhop,
Electronic and Ionic Impact Phenomena (Clarendon
Press, Oxford, 1952).

H. A. Tolhoek, Rev. Mod. Phys. 28, 277 {1956).
5G. Holzwarth and H. J. Meister, Nucl. Phys. 59,

56 (1964); Tables of Asymmetry. Cross-Section and
Related Functions for Mott Scattering of Electrons by
Screened Gold and Mercury Nuclei {Institut fur Theo-
retische Physik, Munich, Germany, 1964).

6P. J. Bunyan and J. L. Schonfelder, Proc. Phys.
Soc. (London) 85, 455 (1965).

984


