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An attractive target for materials science is to achieve control of phase
transitions using light (photo-induced phase transitions: PIPTs). Utilization of the quantum
dynamics of a multi-electron state (quantum PIPT) that is coherently and strongly coupled to the
electromagnetic field of the excitation photon itself is essential for designing PIPT material with
ultrafast response. Combining ultrafast modifications of three main physical degrees of freedom in
solids (Charge-Structure-Spin, C-S-S) will enable us to find unique C-S-S-ordered states. In this
project, a pulsed electron-diffraction system with a 30-fs time resolution and a spin-polarized
electron source has been constructed to observe ultrafast C-S-S dynamics. The combined use of this
system and an ultrafast spectroscopic probe has revealed the quantum natures of the microscoEic
mechanisms driving the initial PIPT process and stimulated the development of the system wit
various new photo-functionalities.
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