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Control of Photochemical Reaction in Femtosecond Time Domain

Kaoru Yamanouchi

Professor, University of Tokyo

When molecules absorb ultraviolet light with short wavelength or interact with
strong light fields, their chemical bonds are broken in most cases, leading to atomic
fragments and/or smaller size molecular fragments. Therefore, in order to control
chemical reactions by light, it would be a crucial step to understand fundamental
mechanisms of these dissociation processes. In the present project, we aimed to (i)
clarify the mechanism of intramolecular vibrational energy redistribution (IVR)
processes in the relatively weak laser light fields and (ii) understand essential
aspects of a mixed state of light and molecules in the strong laser light fields whose
magnitude is as large as that of the Coulombic field within a molecule. On the basis
of the intenseive experimental and theoretical studies, we clarified the mechanism of
IVR processes in detail for some small polyatomic molecules and proposed an ideal
way to control them, and discovered and probed the molecular structural
deformation process in intense laser fields. Furthermore, we were able to identify
that processes such as alignment, structural deformation, and ionization in the
intense laser light fields compete with each other, and afford a guide line for
controlling chemical reaction in laser light fields by treating (i) intensity, (ii)
wavelength, and (iii) temporal pulse width of short pulsed laser fields, and (iv)
temporal difference between two short laser light pulses as major control parameters.
In the course of these investigations, we developed successfully new research
equipment such as a short-pulsed extended ultraviolet laser light source, a
short-pulsed gas electron diffraction apparatus, and new experimental and
theoretical methods such a mass-resolved momentum imaging map method, and an

algebraic force field expansion method.
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