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Abstract

The differential algebraic approach for the design and analysis of
particle’ optical systems and accelerators is presented. It allows the
computation of transfer maps to arbitrary orders for arbitrary arrange-
ments of electromagnetic fields, including the dependence on system
parameters.

The resulting maps can be csst  into different forms. In the case of
a Hamiltonian system, they can be used to determine the generating
function representation. Also various factored Lie operator represen-
tations can be determined directly. These  representations for Hamil-
tonian systems cannot be determined with any other method beyond
relatively low orders.

In the case  of repetitive systems, a combination of the power series
representation and the Lie operator representation allows a nonlinear
change of variables such that the motion is very simple and its long
term behaviour  can be studied very efficiently. Furthermore, it is now
possible to compute quantities relevant to the study of circular ma-
chines like tune shifts and chromaticities  much more efficiently.

Besides these aspects, the ability to compute maps depending on
parameters provides analytical insight into the system. In addition,
this approach allows very efficient optimization, to the extent that in
many cases  it is almost completely analytic.

1 Introduction

Optical systems can be represented by a map relating final phase space coor-
din&es x7  to initial coordinates < and system parameters $in the following
way:

Depending on the problem, the phase space variables can be sets of two
or three positions and momenta, and can contain other quantities like the
spin. The system parameters can include certain multipole strengths, and
in the two dimensional case, the energy deviation of the particle. Note that
the distinction between variables and parameters is somewhat arbitrary; we
consider anjr  quantity of interest a parameter if it stays constant throughout
the system.
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