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The general purpose of our work is to provide atomic and molecular

collision cross sections useful for radiological physics, dosimetry, and
other appiications. It is true that the complete understanding of radiation
actions on matter, especially on biological cells, requires a vast range
of knowledge far beyond the scope of our study, such as molecular biology.
Nevertheless, the knowledge of elementary collision processes involving
photons and electrons interacting with atoms or molecules is the most funda-
mental and is indispensable; any scientifically sound{discussion about mecha-
nisms of radiation actions must include some elements of the physics and data
of atomic and molecular cqllisions.1

For applications to radiation physics, the cross section data must

fulfill what I call the trinity of requirements: the data must be (1) correct,

(2) absolute, and (3) comprehensive. The meaning of the terms "correct" and

"absolute" is evident. By the term “comprehensive", I mean that the data
pertain to a wide range of variables involved, e.g., the incident energy, the
energy transfer to a target, and the scattering angle. Much too often, the

data we see in the literature are discordant (causing suspicion as to correct-
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ness), relative (as opposed to absolute), and fragmentary (rather than
comprehensive). (This is so because much of the work on atomic and molecular
collisions is motivated by int.rest in basic physics; to prove or disprove

a point in physics, it is often sufficient and is indeed efficient to generate
data that are relative or limited to a small range of variables.) The thrust
of my group's work is to provide comprehensive data, to provide criteria for
data assessment, and to Jdevelop systematics. Indeed, at the present meeting,
Kim3 discusses many ways for judging the reliability of secondary-electron
spectra. Dillon4 shows how to fit oscillator-strength spectra and related
data to the most appropriate analytic expression, for interpolation and extra;
polation, and in turn for their effecient use in modeling and othef applica-
tions. Dehmer5 reports on prevéiling systematics found in the photoionization
data specifically on molecules (as opposed to atoms).

Specific problems of my current research include some demonstration

of the value of atomic and molecular data in radiological physics and dosimetry.
Here I choose to discuss some selected topics. First, the systématics6 of

the atomic oscillator-strength spectra and'relaped quantities have been thoroughly 1
studied for all neutral atoms with Z £ 38. Figures 1 and 2 exemplify results.
Second, M. J. Berger, J. E. Turner, and I have been working for a few years

with others on an extensive survey of stopping—powgr data needed in radiologi-

cal and dosimetric appiications — a task for the International Commission on
Radiation Units and Measurements. In the course of this study, we found it

more and more important to determine the mean excitation emergy I in the

famous Bethe stopping-power formula by use of the oscillator-strength spectra;



a preliminary account7 of the work has been published.

As soon as one starts diséussing the stopping-power data, one
encounters the following question, natural for anyone that haé studied con-
densed-phase physics: Aren't oscillator-strength spectra different for con-
densed phases from the spectra for isolated atoms or molecules composgd of
the same atomic elements? Certainly for metals and other materials, there
are great differences in the oscillator-strength spectrum upon going from
isolated atoms or molecules to condensed phases. Certainly we know much
about the oscillator-strength spectra of atoms and molecules in the entire
range of excitation energy. 1In contrast, comprehensive knowledge on condensed-
phase materials is hard in general to come by. (As an exception, L. R. Painter
and co-workers are conducting extensive work on solids and liquids of many
molecules of radiological interest.) As an initial effort toward fully asses-
sing the reliability of data on solids, we have surveyed all data related to
the optical properties of metallic aluminum, and have come up with a recom-
mended set of the optical response function.8 Figure 3 represents an over-
view of the data.9 The same data have been used also in the most rigorous
evaluation of the Fermi density effect on the stopping power. |

Finally, another area of current worklo’ll concerns the generalized
6scillator strength for the inner-shell ionization of atoms - a topic moti-
vated by need in electron microscopy for the structure determination of

biological molecules and of solid-state materials.
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F1g. "1 The total inelastic~scattering cross section a, (measured in A )
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for 50-keV electronms, plotted against atomic numger Z.

The solid line shows the result of calculations that incorporates
relativistic kinematics for the incident electron. For comparison,
the dotted line shows the results of calculations that dlsregard
relativistic kinematics.
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Fig. 2 The mean energy transfer E, per inelastic collision {measured
in eV) for 50-keVv electrons, plotted against atomic number Z.

The general features of the curfe are the same for all charged
particles incident with sufficiently high speed. The dotted

line shows the limiting EAv for any extremely relativistic:
particle,
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Fig. 3 Dielectric—response function of metallic aluminum.

The real part € (E) is negative with 1arge absolute values at
low E, vanishes at E__ = 15.0 eV (i.e., the plasma energy for
conduction electrons? and is positive and appreaches unity
at higher E. The imaginary part, €,(E), is largest at low E
and decreases with E except at thresholds for newer modes of
excitation (first at the beginning of interband excitation of

. valence electrons, next at the L-shell threshold, and finally
at the K-shell threshold, on going-to higher and higher E).
The quantity Im[-1/g¢(E)] which governs the energy transfer from
fast charged particles, shows a prominent maximum near Epc’
and is small at both lower and higher E.
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