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2. Contract Description

This contract covers research to establish the high-resolution spectroscopy
and detailed mechanisms of sequences of resonant transitions induced in atoms
and molecules by multicolor, multiphoton excitation. These processes are
studied as a function of the independently tunable frequencies and
polarization states of multiple dye laser beams in order to establish both the
underlying physics and the high degree of selectivity of this advanced form of
laser excitation.

3. Scientific Problem

This study is aimed at both determining the underlying physics and developing
the high degree of selectivity of multicolor, multiphoton processes in atoms
and molecules. This 1s a frontier research area which involves roughly three
major challenges: First, it i{s necessary to establish the spectroscopy of
excited states of molecules at vastly improved resolution. This recglto from
the narrow line width of tunable dye lasers, typically 0.02-0.10 cm™* for
pulsed sources:. This means that, in molecules, intermediate states of
resonant excitation sequences will correspond to particular excited
rotational~vibrational-electronic states of the molecule. Therefore, to
specify a workable sequence of resonant transitions, it is necessary to know
the excited state spectroscopy at this level. Second, it is necessary to
egstablish the mechanisms and dynamical parameters governing multiphoton
processes. For example, in order to design the most selective and sensitive
excitation schems, one must learn the cross sections for successive steps,
rates and modes of decay of intermediate states, and cross sections for all
competing excitation sequences, including non~resonaut ones. This requisite
basis for selective excitation is largely unknown at this time and requires a
concerted basic research effort for adequate development. Third, this work
involves harnessing the rapid technological advances in lasers, optics, and
electronics to produce a composite laser probe which can stimulate a
preselected sequence of resonant steps within the five nanosecond duration of
the laser pulse.

4, Scientific and Technical Approach

This program utilizes a complementary set of experimental techniques to
address the problems described above. The total experimental facility can be
summarigzed in terms of its six mejor components: (1) A Nd:YAG
oscillator/amplifier is used as the pump laser for all the dye lasers used to
produce the composite laser beam. (2) We currently have three dye laser




’ oscillator/amplifiers to produce three laser beams with independently tunable
{ frequencies and polarization states. One laser is a commercial laser
W outfitted with nonlinear convursion (frequency doubling and summing)

capability for producing ultraviolet frequencies. Two other dye lasers were
manufactured to produce narrow line width visible beams for probing
transitions among upper states. (3) A time~of-flight mess spectrometer is
used to messure the fonic products of multiphoton ionization. (4) A high-

i resolution hemispherical electron spectrometer is used to analyze the kinetic
S energies of the electrons produced by multiphoton ionization. (5) A
' fluorescence spectrometer is used to monitor fluorescence from laser excited
states throughout the excitation chain. (6) The multiple control and
detection channels are centrally controlled by a microprocessor.

Summarizing, we are able to probe atoms and molecules with a fully flexible
composite laser probe and measure most major excitation products - ioms,
elactrons, and fluorescence. The remaining major product, namely neutral
fragments, could also be monitored by further ionization or by laser-induced
fluorescence, but this 1is not in our initial plans. Spectroscopic and
dynamical information is then obtained by monitoring these detection channels
as a function of the frequencies and polarization states of the input

| composite laser probe.

[ S. Progreas

Following the completion of all mejor facilities for this project during the
last (initial) contract period, this contract period was very productive.
Much of the progress is reflected in the papers, abstracts, and talks listed
in Section 6 (to which we will refer by paper number in this section).
Briefly, the progress can be summarized in three categories. First, several
multiphoton ionization studies, with mass and electron energy analysis, were
performed on small molecules of fundamental interest, namely, nz (paper 8), CO
(papers 6 and 12) and "2 (in preparation). Our concentration on small,
difficult-to-ionize molecules of basic importance with advanced secondary
detection such ss electron energy analysis, is still unique in the field of
multiphoton ionization. These studies have explored the dynamics of
multiphoton ionization in & very powerful way and, in so doing, have paved the
. way for our multicolor (multiple laser beam) studies, which are just getting
£ undervay. Of perticular importance is the first-of-its-kind state-selected
study (paper 8) { P vhich Hy was excited to a single rotational, vibrational
level of the B "I excited state, followed by single-~photon ionization and
rotationally resolved photoelectron energy anslysis. This axample is the
prototype of the experiments we plan to do on a whole range of molecules with
our multicolor laser probe. Second, several advancements were made in our
instrumentation, including a second frequency doubling device (so we can use
two frequency-doubled beams) and a Fizeau wavemeter for absolute wavelength
; calibration, Also, a conceptual design for an optically-coupled area detector
: has been completed. This will be utilized with a recently completed é-inch,
: mean~radius hemispherical analyzer to vastly improve the resolution/sensitivity of

bt itk

- o A e 2

SSRRERELE Tt

! our electron detection channel. Third, several secondary studies on single-
¢ photon molecular photoionization (papers 1-5, 7, 9-11) have deen carried out

i and prepared for publication.
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6. Publications

The papers, abstracts of conference presentations, and invited talks prepared
with the support of this coatract are listed on the following pages.
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