Principles and applications of ultrafast terahertz spectroscopy
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In this lecture we will review the methods of generation and detection of ultrashort pulses of terahertz
(THz) radiation using femtosecond laser pulses, and the basic principles of terahertz time-domain
spectroscopy (THz TDS). The connection between the dielectric function, optical constants, and optical
conductivity of materials will be reviewed, and examples will be provided of terahertz spectroscopy of
electronic, lattice, and spin response in various materials. Different modalities of ultrafast THz
spectroscopy, such as non-contact conductivity measurement, THz emission spectroscopy, pump-
probe, and nonlinear THz spectroscopy will be introduced. As special highlights, we will discuss the
ultrastrong electronic nonlinearity of graphene at THz frequencies, as well as THz spectroscopy of
magnetic systems.
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