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Inhomogeneity of different length scales is one of the fundamental characters of space and matter that has its origin
in the spatial variations of the charge and mass distributions. While many changes in nature and in the laboratory
can be observed with the naked eyes, ultimately the interactions that lead to these changes occur at the atomic scale.
In addition, heterogeneity influences the time scale that transformations occur at different locations, and the average
time may differ significantly from the local times. The desire to understand and control changes in the charge and
mass distributions would require experimental tools that possess simultaneous spatial and temporal resolutions to
reveal the heterogeneity.

The relevant scales in chemistry relate to the motions of atoms in molecules that occur at fraction of a vibrational
period and <0.1 nm distance. This joint A-fs resolution can be achieved by the combination of a femtosecond laser with
a low temperature scanning tunneling microscope (fs-STM) in ultrahigh vacuum that probes chemical transformations
of single molecules. As a first demonstration, the dynamics of the conformational change in a single molecule adsorbed
on a metal surface was followed in the time domain, revealing the vibrational reaction coordinate and the temporal
decay of the coherently excited state that drives the conformational change [1]. In addition, the effects on the single
molecule dynamics by a nearby molecule were determined. These experiments demonstrate the fs-STM approach in

probing the effects of heterogeneity in space and time on the chemical dynamics in single molecules.

[1] S. Li, S. Chen, J. Li, R. Wu, and W. Ho, Phys. Rev. Lett., submitted (2017).
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In this talk,I will introduce the family of topological semimetals (TSM) including Dirac semimetal (DSM),Weyl
semimetal (WSM), and triply degenerate nodal point semimetal (TPSM). In ideal case, they have and only have nodal
points at the Fermi level, but they are classified according to the distribution and degeneracy of these nodal points.
The quasiparticles of low energy excitation in DSM and WSM can be described by massless Dirac and Weyl equation,
respectively, while those in TPSM have no counterpart in the high-energy field theory. To find realistic materials
hosting these exotic topological quantum states is very challenge and crucial to the further experimental studies. We
noticed that the unusual temperature dependent diamagnetism is a strong hint of existence of linear Dirac cone like
bands around Fermi level. This has been confirmed in DSMs Na3Bi and HfTe5 at phase transition. It also leads to the
success in locating TaAs, the first available WSM. The experimental studies of these materials have stimulated many
research works, including the characteristic chiral anomaly and Fermi arcs. Finally, the TSM family members and

their relationship with each other are summarized.
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