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Abstract

A technique for computing the longitudinal electric fields of a bunched beam propagating
inside a conducting pipe is presented. A beam bunch is represented as a series of discs or
slices, and the total electrical field is found by superposition of the fields of individual
slices. The results of this technique are shown to agree well with analytical models and
other independent algorithms. The primary motivation for developing this technique was
to provide an efficient and accurate calculational approach for the simulation of the
longitudinal dynamics in sub-3D codes in lieu of a straightforward Poisson Solver.
However the formalism may be employed in other applications to find electric fields for
various beam particle distributions in the presence of conducting boundaries.

1. Introduction

Simulations including the effects of space charge provide a crucial basis for the design of
high-current accelerator systems. In some cases, particularly for unbunched beams, two-
dimensional (2-D) beam simulation particle-in-cell (PIC) codes are often sufficient.
However, for the case of bunched beams, the longitudinal effects can become important,
and 3-D or nearly 3-D simulations are required.

The general 3-D PIC methods provide completely self-consistent models, but frequently
require very long computational times. As a result, the exploration of possible design
space can, as a practical matter, be limited. An alternative approach is the modification of
a 2-D PIC formulation to include important aspects of the longitudinal dynamics. The
general intent is to create a simulation package that, while not as complete as a general 3-
D PIC approach, will nevertheless have a nearly complete physics model and a
computational speed which dramatically exceeds the general 3-D approach.
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