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Contract Description

The research covered by this contract involves basic studies of
photoionization processes in atoms and molecules using three advanced
experimental approaches outlined in Section 4. Using these techniques,
new information and insight into the spectroscopy and dynamics of
photoionization are obtained by examining several complementary
observables, e.g., partial photoionization cross sections, branching
ratios, photoelectron angular distributions, alignment of molecular
photoions, and fragmentation of molecular ions.

Scientific Problem

This study is aimed at resolving roughly four unknown or incompletely
known aspects of this problem area: First, this program seeks to
characterize major aspects of photoionization dynamics, such as the
effects of shape resonances and autoionizing resonances on alternative
ionization channels, which can only be studied in a definitive way with
the advanced, triply differential techniques used in this work. Second,
we seek to develop new probes of the photoionization process, e.g.,
fluorescence polarization spectroscopy, which will yield new types of
information. Third, this project produces data crucial for testing
theoretical predictions and, thus, contributes to the development of
realistic theories of atomic and molecular photoionization. Fourth, the
data produced by this project contributes to characterizing all the
~2thways by which radiation interacts with matter, and hence contributes
to the macroscopic modeling of such interactions.

Scientific and Technical Approach

Thic program utilized three experimental approaches: First, the main
effort involves measuring triply differential photoelectron cross sections
using synchrotron radiation. Thus, the intensity of photoelectrons
ejected from atoms and molecules are measured as a function of three
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independent parameters — the wavelength of the incident synchrotron
radiation, the kinetic energy of the photoelectron, and the ejection angle
relative to the polarization direction of the light. Second, the
polarization of fluorescence from excited ionic states produced by
rhotoionization is measured as a function of the wavelength of the
incident light. Third, photoelectrons and photoions are measured in
coincidence to correlate a photoelectron energy with a component species
in a mixture (used in the last period to record the first photoelectron
spectra of an atomic cluster larger than dimer) or, alternatively, to

correlate an ionic fragment with a particular state of the parent
photoion.

Progress

reriod are reflected, in part, in the papers, abstracts of contributed
talks, and invited lectures listed in Section 6. In particular, papers 14
and 15 were previously submitted, but have appeared in this contract
period. Papers 16-26 are new in this contract period. In addition,
abstracts 22-30 and invited talks 20-25 were added during this contract
period.

The highlights of the past year, not all of which are represented by the
papers, abstracts, and talks, can be summarized in six categories: First,
and most significant for the future of the program, we have devoted the
major effort in this period to the completion of a new generation double
electron spectrometer system for triply differential photoionization
studies. This new system has been under development for nearly two years
and will yield two to three orders of magnitude improvement in
sensitivity/resolution over our previous instrument and others that have
appeared since our initial work in this field. This is crucial for
addressing the most significant problems in the field now and in the
future. The system has been completed and tested with channeltron
detectors, demonstrating a resolution of <0.010 eV, which is approximately
ten times higher resolution than is currently available from instruments
being used with synchrotron radiation. Installation of existing area
detectors will take place after a data taking period and will vastly
improve the sensitivity of our studies. The fully optimized system will
allow exploration of phenomena which is beyond the reach of existing
instruments. Second, several papers have been prepared describing triply
differential photoelectron studies of molecular photoionization dynamics,
including shape resonances (papers 15, 17, 24, 26), autoionizing
resonances (papers 14, 17, 24, 26), and strong continuum—-continuum
coupling (paper 15). Third, fluorescence polarization studies, pioneered
hy this project (paper 3), have continued with a major experimental run
te5alting in several new studies. These include spectroscopic uses of
flunorescence polarization (paper 19), probes of electric field effects on
phutoionization, etcs Most of this work is still being prepared for
publication. Fourth, a new constant-photoelectron-energy mode was
utilized for studying photoionization processes in the near threshold
svgiun in CoHy (paper 16). Fifth, paper 21 is a major review article
describing progress in the study of photoionization dynamics of small
molecules, Sixth, other studies (papers 18, 22, 25) have provided new
molecular photoionization data on various topics.

s et

o




Fublications

The following pages list papers, abstracts of contributed talks, and
invited talks resulting from this program. Papers 14 and 15 were

cubmitted earlier, but were published during this contract period. Papers

16-26, abstracts 22-30, and invited talks 20-25 are new in this period.
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