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Abstract. We present an Inverse Free Electron Laser accelerator proposed for construction at the
UCLA Neptune Laboratory. This experiment will use a 1 TW CO2 laser to accelerate through
two strongly tapered undulators an electron beam from 16 MeV up to 55 MeV. The scheme
proposed is the diffraction dominated IFEL interaction. The Raleigh range of the laser beam is
about 2 cm, much shorter than the interaction length (the undulator length is 50 cm). In this
regime adiabatic capture is possible in the first part of the undulator. In the focus region, we
propose a solution to the problem of the dephasing between electrons and photons due to the
Guoy phase shift. Ponderomotive effects and implications for tolerances are also studied

INTRODUCTION

Inverse Free Electron Laser schemes to accelerate particles have been proposed as
advanced accelerators since many years [1-3]. Particular interest in this acceleration
scheme comes from the high gradients in theory available and from the efficient
microbunching of the accelerated electrons. Proof-of-principle IFEL experiments [4-
5], including the staging of two different IFEL sections [6] have been carried out
successfully. Modest energy gain has been achieved mostly because of the limitations
in the radiation power available. A lot of interest is currently in the control of the
longitudinal phase space beam structure: femtosecond microbunches and few percent
energy spread for the particles trapped in the accelerating bucket are theoretically
possible. The purpose of the UCLA experiment is to achieve a substantial energy gain
and investigate the longitudinal structure of the electron beam.

At the Neptune Laboratory at UCLA [7] there is the unique opportunity of having
a high power laser and a relativistic high brightness electron beam in the same
experimental facility. In the proposed scheme, the electron beam is coming from a
photoinjector-booster linac system with energy of 14.0 MeV, and the high power CC>2
laser is focused by a lens (f/18) with focal distance of 2.6 m to tight spot of few
hundreds microns. Because the Raleigh range is much shorter than the undulator
length, the interaction is diffraction dominated [8].

The other fundamental ingredient for the Inverse Free Electron Laser is the
undulator that provides the coupling between photons and electrons. Strong tapering
of both period and magnetic field amplitude is needed for high-gradient acceleration.
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