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This thesis comprises two sections addressing molecular rotation. The first part focuses on population transfer utilizing a
chirped pulse pair, while the second part delves into visualizing hyperfine depolarization dynamics of the molecular-axis
orientation distribution.

In the first part, significant population transfer in rotational states of nitric oxide (NO) molecules is achieved using an
ultrashort light source. Two distinct excitation strategies are employed. The first employs wave-packet interference for J=3/2
« 1/2, using a temporally expanded broadband chirped pulse to inhibit excitation to higher J states. A pulsed-pair irradiation
creates constructive interference between wave packets, leading to concentrated population at J = 3/2. The second scheme
involves a newly developed approach utilizing double chirped pulse excitation for J = 5/2, 7/2 and 9/2 from 1/2. Even though
a single pulse is inadequate due to its longer duration, partial temporal overlap of two pulses enables excitation by adjusting
the difference in instantaneous frequencies with the transition frequency. This highly efficient excitation relies on wave-packet
interference through a pulse train generated by the beat between the chirped pulses. Estimated transfer efficiencies are 90%
and 85%, 70%, 15% for each excitation into J = 3/2, 5/2, 7/2, 9/2, respectively, based on recorded resonance-enhanced multi-
photon ionization spectra.

The second part of the thesis explores hyperfine depolarization, a phenomenon in which the polarization of angular
momentum J relaxes due to interaction with nuclear spin /. This effect has been extensively studied in atomic and molecular
systems. In molecules, rotation, represented by J, contributes to molecular-axis alignment. The study visualizes the
depolarization of electronically excited nitric oxide (A’X") induced by coupling with the nuclear spin of '*N. This is achieved
through time-resolved Coulomb explosion imaging, utilizing nanosecond ultraviolet pump pulses and femtosecond intense
probe pulses. Angular distributions are obtained from images of N* fragments. The analysis incorporates coherent excitation
of multiple hyperfine levels and aligns with the spherical-tensor representation from prior research. Angular distribution is
expressed through time-independent and dependent state-multipole moments, enabling reconstruction of the density matrix in
the coupled representation (total angular momentum) basis |F,Mr> using experimental outcomes.
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