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Laser control of matter via mode-selective vibrational excitation

Satoshi, Ashihara
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The aim of this study was to lay the scientific foundations for
mode-selective vibrational excitation™ by infrared pulsed lasers and to explore its potential
applications in materials manipulation. First, theoretical analysis enabled the prediction of
multi-step vibrational excitation depending on the electric field waveform and fluence of the IR
pulses. Next, multi-step vibrational excitation by mid-infrared pulses was achieved for carbon
dioxide molecules. Specifically, the first excitation up to quantum number 9 was achieved for the
antisymmetric stretching vibrational mode of carbon dioxide in the liquid phase, and the multi-step
vibrational and rotational excitation and rotational wave packet generation in carbon dioxide in the

gas phase were also successfully achieved. As described above, it was demonstrated that
waveform-shaping infrared pulses can be used for advanced vibrational excitation and contributed to

the development of potential applications in materials manipulation.
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