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In this presentation, we will overview our work on laser-induced electron emission from a tungsten tip. In particular,

we will focus on optical control of electron emission sites on a scale of nanometers and their application for optical

control of Young’s electron interference.

Illuminating a sharp metallic tip with femtosecond laser pulses produces spatially and temporally confined electron

pulses by plasmonic effects at the tip apex [1]. We have found that these plasmonic effects induce asymmetric electron

emissions from the tip apex as schematically shown in Fig. 1. They also allow one to select the electron emission sites

on a nanometer scale by changing the laser polarization [2]. Using this technique, we can manipulate electron

emissions within their coherence time and area, which then enables us to control coherent electron emission in time

and space. In a demonstration, we realized optical control of Young’s electron interference [3]. The interference

emerged between the two adjacent electron beams. The intensity of the interference could be successfully controlled

by changing the laser polarization and intensity. The underlying physics that drove the interference was revealed by

measuring the energy spectra [4, 5] and also by simulating the temporal evolution of the electron waves by solving a

two-dimensional time-dependent Schrédinger equation [3]. Using a site-selective coherent electron source, we expect

to create time-resolved electron holography with a possible time resolution in attoseconds.

In this presentation, we will overview our work on laser-induced electron emission from a tungsten tip. In particular,

we will focus on optical control of electron emission sites on a scale of nanometers and their application for optical

control of Young’s electron interference.
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One of the goals of nanotechnology is to develop complex molecular machines that can be operated in a solid-state
environment. This talk will present molecular motors and molecular linear transport devices operating in the quantum
regime on materials surfaces. Fundamental operations of these machines are investigated in an atomically clean
environment using low temperature scanning tunneling microscopy, and molecular manipulations[1], [2]. These
investigations reveal how charge and energy transfer are taken place within single molecule machines and molecular
networks. Moreover by introducing dipole active components in the rotor arms, communication among the molecular
motors can be introduced. Synchronization of the motors can be achieved depending on the symmetry of the molecular
assemblies and the strength of the electric field. Furthermore, individual molecular motors can be charged using the
inelastic tunneling scheme. For a comparison with spintronics of molecular machines, we will also present anomalous
Kondo resonance observed for the magnetic molecules adsorbed on graphene nanoribbons [3]. For the linear transport,

the development of molecular hoverboards and molecular cars for a control transport at the nanoscale will be presented.
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C. Joachim, and S.-W. Hla. Simultaneous and coordinated rotational switching of all molecular rotors in a network,
Nature Nanotechnology 11, 706 (2016).
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S.-W. Hla. Controlled clockwise and anticlockwise rotational switching of a molecular motor, Nature
Nanotechnology 8, 46 (2013).

[3] Y. Li, A. Ngo, A. DiLullo, K.Z. Latt, H. Kersell, B. Fisher, P. Zapol, S.E. Ulloa, and S.-W. Hla. Anomalous Kondo
resonance mediated by semiconducting graphene nanoribbons in a molecular heterostructure, Nature

Communications 8, 946 (2017).
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RS : Btk S J— : Lattice model constructions for gapless domain walls between topological phases
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ifli : Prof. Shuo YANG

JliE : Department of Physics, Tsinghua University

HE:

Lattice models of gapless domain walls between twisted and untwisted gauge theories of finite group G are constructed
systematically. As simple examples, we numerically studied the gapless domain walls between twisted and untwisted
Z_N(with N<6) gauge models in 2+1D using the state-of-art loop optimization of tensor network renormalization
algorithm. We also studied the physical mechanism for these gapless domain walls and obtained quantum field theory
descriptions that agree perfectly with our numerical results. By taking the advantage of the systematic classification
and construction of twisted gauge models using group cohomology theory, we systematically construct general lattice

models to realize gapless domain walls for arbitrary finite symmetry group G. Such constructions can be generalized
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into arbitrary dimensions and might provide us a systematical way to study gapless domain walls and topological

quantum phase transitions.

1 BTWE 1 I J— : Axion electrodynamics and the quantized topological magnetoelectric effect in
topological insulators

HIEF : 2018 4F 10 H 16 HCK) “F#& 11 30 73 ~"F% 3 Ik
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Ml : Prof. N. Peter Armitage

iiE : The Johns Hopkins University, USA

®E:

Topological insulators have been proposed to be best characterized as bulk magnetoelectric materials that show

response functions quantized in terms of fundamental physical constants. Here we lower the chemical potential of

three-dimensional (3D) Bi2Se3 films to 30 meV above the Dirac point, and probe their low-energy electrodynamic

response in the presence of magnetic fields with high-precision time- domain terahertz polarimetry. For fields higher

than 5 T, we observed quantized Faraday and Kerr rotations, whereas the DC transport is still semi-classical. A non-

trivial Berry phase offset to these values gives evidence for axion electrodynamics and the topological magnetoelectric

effect. The time structure used in these measurements allows a direct measure of the fine structure constant based on

a topological invariant of a solid-state system. I'll also discuss our most recent measurements on topological insulator

single crystals that give evidence for a half quantized Hall effect on the TI surfaces.

Ref. L. Wu et al., Science 354, 1124 (2016).
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