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With recent advances in ultrashort laser techniques, many studies have been conducted to control rotational and
vibrational wave packets. Among the molecular motions, large-amplitude motions in the electronic ground state are
especially important because such a motion induces isomerization, which may result in a variety of functions in functional
molecules. However, in the gas-isolated systems, there have been only a few studies on the creation and observation of
vibrational wave packets in the electronic ground state. In this paper, I aim to control and observe the wave packets of large-
amplitude vibration in the electronic ground state.

State-selective ionization-detected impulsive stimulated Raman spectroscopy (s?ID-ISRS) was applied to control the
wave packet. In this method, interference of the vibrational wave packet was induced by the irradiation of a pair of ultrashort
laser pulses. Then, molecules were sate selectively ionized by resonant-enhanced two-photon ionization, and the population
of the vibrational eigenstates was calculated from the ion intensity. The population was controlled by tuning the condition
of pump pulses.

In Chapter 2, the population control of torsional vibration in a biphenyl derivative by vibrational wave packet
interference is discussed. It is revealed that vibrational wave packet interference is damped by molecular rotation. In Chapter
3, restoring vibrational wave packet interference by using non-adiabatic molecular alignment is explored. In Chapter 4, the
mode-selective excitation by vibrational wave packet interference in a system with multiple Raman active large-amplitude
modes is discussed.
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