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This Thesis, entitled as “State selection and population control of ammonia inversion,” describes the study on inversion
motion of ammonia (NH3), with which the triangular cone form of the molecule is inverted up and down. This motion is
one of the most important large-amplitude motions and has been given in most of all fundamental text books on physical
chemistry.  Still, real-space capturing this motion is challenging for experiments. The Thesis describes the development of
state-of-the-art experimental methods, which will be indispensable for spatiotemporal observation of ammonia inversion
motion.

Energy levels of ammonia are split into doublet due to quantum tunneling via inversion motion. Coherently coupling the
two split levels (so called “inversion doublet”) will provide a quantum wave packet that exhibits spatiotemporal propagation.
However, when the upper and lower levels of the inversion doublet are equally populated, the molecular ensemble does not
exhibit up and down inversion dynamics, since the motion of the wave packets from the two levels are in counter directions
to each other. Thus, one component of the inversion doublet should be selectively prepared.

In the present study, the state selection for ammonia inversion doublet has been realized by implementing a Stark deflector,
in which an inhomogenous electric field is applied to molecular beams and ammonia is deflected depending of the quantum
states. The deflector was constructed by consulting on the Monte-Carlo simulation and its capability for single-quantum
state selection from inversion doublets was verified by recording resonance multi-photon ionization (REMPI) spectrum.

Coherent coupling of the inversion doublet was realized by microwave (MW) irradiation. The microwave antenna and
mirror used herein were home-made with a 3D printer and conductive painting. Population transfer between the inversion
doublet was verified by monitoring REMPI signals. Population exhibited oscillatory change against the interaction time
with MW. This observation is well described as “optical nutation,” which is a clear manifestation of coherent field-matter
interaction.

In summary, this Thesis describes successful demonstration of creation of quantum wave packets pertinent to the inversion
motion of ammonia, by implementing spatial selection of quantum states via the Stark deflector and coherent coupling by the
MW irradiation. This is an important step for real-space capturing of the inversion motion of ammonia.
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