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Terahertz Emission from Gas and Atomic Cluster Plasmas Induced
by Intense Femtosecond Laser Pulses
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Terahertz radiation from air and argon cluster plasmas produced by using intense femtosecond
laser pulses has been studied. The properties of Terahertz waves, the power spectrum, polarization,
angular distribution, and the laser energy dependence, have been experimentally investigated and
appropriate physical mechanisms have been proposed to explain the experimental observations.

This thesis is composed of five chapters. Chapter I is the introduction for the status-quo of the
corresponding studies and the aim of this work. In Chapter Il the conventional THz sources and
laser plasma THz emissions, and their physical mechanism are reviewed. Chapter Il shows the
experimental set up for the generation and diagnostics of THz emissions from air and atomic cluster
plasmas produced by intense femtosecond laser pulses, and their results are described in Chapter 1V
with discussion of THz generation mechanism to interpret the present results. Chapter V
summarizes the present thesis work.

Terahertz (THz) waves radiated from air and argon cluster plasmas produced by intense
femtosecond laser pulses in the energy range of <70mJ have been studied. To understand the
mechanism of THz generation, the properties of THz waves (the polarization, angular distribution,
power spectrum, backing pressure and the laser energy dependences of the power) have been
investigated. THz radiation with an elliptical polarization, a strong directivity in forward, and
square laser-energy dependence of the power has been observed from air plasma produced by either
circularly or linearly polarized laser pulses. From argon cluster plasma, radially polarized THz
radiation with a conical distribution in forward and backward directions, and square laser-energy
and backing pressure dependences of the power has been observed.

The properties of THz waves observed from air plasma and argon clusters cannot be explained
by the previously proposed mechanisms. Parametric decay of laser light to THz waves in the
presence of spontaneous axial magnetic field and quadrupole radiation induced by ponderomotive
force have been proposed as new mechanisms to explain the properties of THz waves emitted from
air plasma and argon clusters, respectively. The observed results are fairly consistent with the
properties expected by these mechanisms.

THz pulses with a maximum total energy of ~ 600nJ have been observed from argon clusters at laser
energy of 70mJ and backing pressure of 7MPa. The obtained THz pulse energy is three orders of
magnitude higher than that from air and argon gas plasmas. It is concluded that atomic cluster plasma
produced by intense femtosecond laser pulses can be as a candidate source for intense THz radiation.
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