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Thesis Summary (approx.300 English Words )
The dynamics of phonons and electrons can be directly studied by femtosecond

time-resolved reflectance spectroscopy. Phonons are excited coherently in solids by
irradiation of femtosecond laser pulses, whose duration much shorter than the period of
the atomic vibration (coherent phonon). Here, I apply this technique for the topological
insulators, which behave as a semiconductor in the bulk and metal-like conductivity on
its edge and surface. The dynamics of photoexcited electrons and phonons in topological
insulators would be closely related with intrinsic features for electronic applications.
However, the quantitatively measurements of them is still lacking.

In this dissertation, following results consist of two parts: phonon dynamics and
carrier dynamics. First, I observed all the Raman active optical phonons (!, Ey2, Aig!,
and Aig?) in topological insulators (SbeTes, BioTes and Bi2Ses) using femtosecond
time-resolved near-infrared (IR) reflectivity measurements. Amplitude of these
coherent phonons strongly depends on polarization of an excitation pulse, and I clarified
their lifetimes. Secondly, the dynamics of photoexcited topological insulators (ptype
SboTes) has been studied using the time-resolved mid-IR reflectivity measurements. It
is found that the photoexcited relaxation process is as follows: electrons were excited in
the bulk-conduction band and generate coherent phonons (< 1 ps). These coherent
phonons relax to the equilibrium state within 4 ps. In addition, electrons on the surface
(Dirac Fermions) are supplied from the bulk-valence band because of the generated
holes in the bulk-valence band via auger electron transition (< 1 ps). Thereafter, the
excited electrons go back to the bulk-valence band within 10 ps via recombination of
holes with electrons relaxed through a Dirac cone surface state. The faster relaxation
time (t = 3.3 ps) implies a characteristic of topological insulator having a Dirac cone

surface state, like similarly to a graphene.
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