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Novel properties can be expected in the electric systems with characteristic topology, such as electrons in ring crystals and
crystals with irregular curvatures. Of various spectroscopic measurements, optical spectroscopy offers several advantages
such as non-destructive nature, little or no sample preparation, and its controllability in terms of spatio-temporal
parameters. In this work, as summarized in the following list, we demonstrated studies of topological properties in several
electronic systems by using coherent spectroscopy with ultrafast laser pulses.

1) Effects of closed-loop topology on quasi-one-dimensional (1D) electrons

In the previous works, we found an enhancement of 3D phase fluctuation in the ring crystals. On the basis of this
experimental fact, we investigated the properties in detail by using both spatially-resolved spectroscopy and transient
spectroscopy with polarization vortices. The results suggest closed-loop electron coherence along the closed-loop 1D
chain that induces an anisotropic frustration on the 3D phase ordering.

2) Anomalous carrier dynamics observed in electron-beam induced fullerene polymer

The EB irradiation of Cg films results in a peanut-shaped polymer, which exhibits a metallic conductivity at room
temperature under atmospheric conditions. The results of photo-induced carrier dynamics show a similarity to that
observed in the 1D materials, allowing to identify the carrier dynamics via the preformed gap at the low temperature. On
the other hand, the moderate temperature dependence of the relaxation time suggests an enhancement of critical
fluctuations possibly due to the topological natures of peanut-shaped polymer.

3) Coherent transfer of topological charges to excitons

Coherent transfer of the optical angular momentum (OAM) to excitons in GaN was realized by using optical vortex (OV)
pulses. The spatio-temporal evolutions of the four-wave-mixing signals clearly indicate the dephasing of OAM of
excitons. The controls of OAM with infinite dimensional degree of freedom were also demonstrated by controlling the
OAM of excitation pulses.




