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Abstract

Synthesizing coherent multi-color laser field is an emerging technique for coherent
control of optical field. Waveform control of two or three color fields can enhance the
conversion efficiency and cutoff frequency of high harmonic generation. Comparing to
the high harmonic generation in XUV region, the low-order harmonic generation in the
ultraviolet to near vacuum ultraviolet region is also important for many applications
like spectroscopy, photochemistry, and laser processing. In this thesis, we investigate
the effect of waveform control of two-color laser field to the nonlinear frequency
conversion process in an isotropic medium

We use the fundamental (1064 nm) and second-harmonic beams (532 nm) of a
narrow-band Q-switched Nd:YAG laser for excitation. By using amplitude and phase
modulators, we can tune the amplitude and relative phase of incident two-color beams,
and synthesize the waveform of incident two-color laser beam. We investigate the
coherent control to the generated third harmonic signal by the effect of waveform
control.

According to the four-wave mixing process (ms=m2+w2—w1) and direct third
harmonic generation (w3=mi1+mi1+m1) in the third order nonlinear effect, the relative
phase and amplitude of generated third harmonic signal is related to the relative phase
and amplitude of two color incident beams. In the theoretical part of this thesis, we
perform the simulation of third harmonic generating by using the tight focused two-
color Gaussian beam in Argon, Krypton, fused silica, and mixing gas of Krypton and
Argon.

In the experimental part, we present the case of pressure-dependent two-color third
harmonic generation in Argon. The simulation result is in good agreement with
experiments. This result also illustrates the higher harmonic generated by waveform
controlling the multi-color laser field is possible.



