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Abstract

The far-infrared region of the electromagnetic spectrum (0.3 – 10 THz) has long been considered the last remaining scientific gap in the electromagnetic spectrum, which is underdeveloped but ripe for exploitation. This field shows great promise of basic science research for a variety of reasons. First, many molecules have structural absorption resonances at these frequencies, making THz spectroscopy a unique tool for investigating matters. Second, the THz range constitutes the ultimate limit of operation for high-frequency electronics. Third, the oscillation period of THz waves corresponds to the timescale of elementary chemical reactions, the weak collective excitations in solids, the relaxation time of phonons and the collision of free-carriers. As a result, THz science could enable the technology that directly impacts our lives, from industrial quality control, to national security and environmental protection, and to medical diagnostics and treatment.

Normal universal matters are made of four states: solid, liquid, gas, and plasma. The generation of THz wave from solids, gases, and plasmas has been demonstrated, used, and understood for decades. However, the THz wave generation from liquid sources was conspicuously absent, especially from liquid water due to water’s infamously strong absorption characteristics in the THz regime. It is reasonable to expect that liquids might have unique properties if they could be harnessed as THz sources. Liquids have a high molecular density, close to that of solids, meaning that light over a certain area will interact with many more molecules than an equivalent cross-section of gases. This makes liquids very good candidates for the study of high-energy-density plasma. Once thought impossible, we have experimentally demonstrated that liquid water can generate intense and broadband THz waves with the use of femtosecond laser pulses. A successful investigation in THz generation from liquids will complete the last piece of the matter-phase puzzle for THz sources. New physics will be developed to fully characterize this process in liquids, especially in water and related materials, to support new THz wave science, technology and applications. I will report recent development of terahertz aqueous photonics, especially the generation of coherent THz wave from liquid water films and lines.
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