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Abstract An experiment on phase-locked injection of ~ 100 fs electron bunches in a plasma
beat wave accelerator is presented. We consider using an IFEL microbunching technique to
produce ultrashort electron bunches prebunched at the exact wavelength of the plasma wave
340 Jim (~lTHz). It is proposed to generate 100 MW of 1 THz radiation by difference
frequency generation in a nonlinear crystal, mixing the same two CC>2 lines as used to drive the
plasma accelerator.

INTRODUCTION

Laser -Plasma acceleration of particles is utilizing a relativistic plasma wave driven
by a high-power laser beam. Plasma wave allows to couple energy of a transverse
electromagnetic wave of laser field into a longitudinal electric field of the wave, thus
making acceleration possible. The acceleration gradient has reached in experiments
values from 3 to 100 GeV/m for the plasma density (no) 1016 cm"3 and 1019 cm"3,
respectively [1]. So far all schemes of high gradient acceleration have shown 100 %
energy spread. This is physically due to the experimental difficulties related to the
generation and the injection of an electron beam in the high gradient accelerating
field wave with a typical period of 10-300 jim. It is obvious that if the injected
electron beam samples all the phases of the accelerating field, the energy spectrum at
the output will be continuous. The goal of second generation experiments is to reduce
the energy spread to make an electron beam produced by a plasma accelerator usable
for different applications.
There are two principle approaches to tackle this problem: optical injection of

electrons in the plasma wave and injection of prebunched electrons in a plasma
accelerator. For a 1019 cm"3 plasma density, which corresponds to a plasma
wavelength 10 jim, perhaps the only way for a phased injection is production and
injection of ultrashort electron bunches using different all-optical injection schemes:
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