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David Paek

Radially polarized light in longitudinal
acceleration of electrons

Particle accelerators allow for many useful applications in various fields. The
research and development for more efficient and powerful accelerators has
been underway for quite some time. There are many different ways to achieve
particle acceleration. This paper discusses the acceleration of electrons in free
space using lasers. The main technology that is utilized in this work is the
generation of radially polarized laser pulses. This allows for high focus and
therefore more intense interactions with the electrons.

INTRODUCTION

This review will focus on the portion regarding the utilization of radially
polarized light. Radially polarized light allows for high focus and more intense
longitudinal fields at the focus point, therefore allowing for the design of this
experiment to succeed. Generally we know that in the presence of
electromagnetic radiation, electrons which are part of a bound system will be
excited to higher energy levels. However, in the scope of this work, the
electrons are “free” and therefore will rather be influenced to accelerate and be
given kinetic energy through the interaction with the incident laser. The radial
polarization nature of the incident laser. The method for producing the radially
polarized light is through the combination of various waveplates.

METHODS

The setup of the laser accelerator is shown in Figure S1 below.
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Fig. S1. Diagram of the experimental setup. The electron bunches are produced and focused



down to the interaction point where the laser is also focused. The electrons are then sent into
and deflected by the dipole magnet after which they are detected by a microchannel detector.

The generation of the radially polarized light is a more sophisticated process
with the schematic diagram shown in Figure S2.
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Fig. S2 Schematic diagram of the radially polarized laser generation used in the experiment.

Longitudinal Field Strength at focus point

By working through Maxwell’s equations, an expression for the polarized

components of the electric field at an reference point (xp, yp, zp) can be given
by:

ikfE 2 pm i(8s,
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Although this is a fairly complicated expression for the electric field, the major
result of this is the strong longitudinal field strength, which is what is utilized
in the experiment of the electron acceleration done in this work. The strong
longitudinal field with the tight focusing nature of the radially polarized
incident laser then allows for the electron to reach high energies, as the

electron energy is proportional to the field strength at the interaction point, and
acceleration. 1
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