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ABSTRACT 

This research was aimed at developing novel terahertz (THz) sources with high 

amplitude to achieve nonlinear THz spectroscopy measurements. A wealth of significant 

advances in THz wave air photonics were gained from the related work. 

Intense THz wave generation from laser-induced air plasma created by mixing the 

optical fundamental (ω) and its second harmonic (2ω) waves was first reported by Cook 

et al. This was followed by debates on the mechanism behind the THz wave generation. 

To solve the confusion, we measured the dependence of THz wave generation on 

different input parameters with individually controlled phase, polarization and amplitude 

of the ω and the 2ω waves. Our results verified that the third order nonlinear Four-

Wave-Mixing happening in laser-induced air plasma is the major mechanism of THz 

wave generation. In addition, the polarity and amplitude of the generated THz wave can 

be completely controlled by the relative phase between the ω and 2ω waves. 

Utilizing the reverse process of THz generation, we, for the first time, also 

demonstrated coherent detection of broadband THz waves via electric-field-induced 

second harmonic wave generation in ambient air and/or laser-induced air plasma with 

ultra-short laser pulses. The observation shows that depending on the probe intensity, 

detection of THz waves in air can be categorized into incoherent, hybrid, and coherent 

detections. We have proven that coherent detection of a THz wave is achieved only 

when the tunnel ionization process dominates the gas ionization.  

Benefiting from intense THz field generation via the Four-Wave-Mixing 

rectification in air plasma, a nonlinear response of materials in the THz frequency range 

was observed with a commonly used 1 kHz Ti:Sapphire amplifier laser system. A THz 

field of up to 100 kV/cm was generated and strong spectrum modulation of the probe 

laser beam was observed. This verified the capability of THz air photonics to do 

nonlinear optics research. 

Instead of using the optical fundamental and its SH waves, THz waves can also be 

generated by focusing a laser beam with a single wavelength into ambient air via the 

ponderomotive force. In this thesis I also report the study of THz wave generation from 

the laser-induced plasma with a pre-existing plasma background. We have observed that 
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the enhancement of the generated THz wave amplitude lasts hundreds of picoseconds 

after the pre-ionized background is created, with a maximum enhancement up to 250%. 

 


