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ABSTRACT

A femtosecond electron source has been developed as the SURIYA project
at the Fast Neutron Research Facility (FNRF). The project goal is to generate
femtosecond electron bunches and use them to produce coherent far-infrared (FIR)
radiation. The main components of the system are an RF-driven electron gun for
electron generation, an alpha magnet serving as a magnetic bunch compressor,
a linear accelerator and some beam transport components. The primary goal of
this thesis is to design and optimize the RF-gun to achieve electron bunch length
in fermtosecond scale. Starting from the Stanford SUNSHINE design, the RF-gun
has been optimized and constructed. These studies were performed by numerical
simulation using the codes SUPERFISH and PARMELA. Systematic simulation
studies were carried out to investigate the fundamental and practical limits in
reducing the electron bunch length. The numerical studies include bunch length
dispersion due to focusing in the transport system leading to a final bunch length
of some 53 fs with a bunch charge of 94 pCb giving a peak current of 707 A

The RF-gun was constructed based on simulation results. Low-power RF?
measurements were performed and the results shows that the resonant frequency
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of the RF-gun is 2855.3 MHz at 25°C in ambient air, which can be tuned to 2856
MHz by adjusting the RF-gun temperature, and the quality factor is 12979 with
the RF-coupling coefficient of about 7.5. The RF-gun and other components have
been installed at the SURIYA project. The experimental results show that the
electron beam of 2-2.5 MeV maximum kinetic energy and a beam current up to
1 A can be obtained from the RF-gun with input power of 3.65 MW.

Electron bunches as short as 53 fs can be converted into broad band co-
herent radiation in the high-intensity far-infrared (FIR) regime at wavelengths of
50-1000 pm. To verify the simulation results, a transition radiation experimental
station to produce FIR transition radiation has been installed. Recently, the FIR
signal from transition radiation was successfully observed and verified for the first
time at SURIYA laboratory by using room temperature pyroelectric detector.
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