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INTRODUCTION

Progress in science is closely connected to the capabilities of instruments.
Accelerators and detectors are the instruments of particle physics; these lectures are devoted
to the former. Examples of relationship between accelerator science and particle physics
are the discovery of the W and Z bosons which was a result of the development of
stochastic cooling and the extensive studies of ¢- and b-quarks have been critically
dependent on understanding and improvement of e”¢” storage rings. In the future work on
superconducting magnets could lead to the discovery of the t-quark and the Higgs.

In an accelerator charged particles move in electromagnetic fields. The motion can be
classical or quantum mechanical, and the fields can be static or time dependent, externally
applied or beam generated, and linear (proportional to displacement) or nonlinear.
Combinations of ail these possibilities occur and can be important, For example:

1. The SSC and LHC apertures are determined by classical motion in static, externally
applied, nonlinear fields.

2. The luminosity limit of heavy quark factories depends in part on classical motion in
time dependent, beam generated, nonlinear fields.

3.  Quantum mechanical effects due to time dependent, beam generated fields at the
collision point influence linear collider parameters strongly.

The usual approach is to understand the dominant contributions to the motion first and then
treat other aspects as perturbations. This dominant motion is that of single particles
undergoing classical motion in externally appliéd, linear fields. Both static and time
dependent fields are important.

SINGLE PARTICLE MOTION

Figure 1 is a sketch of a linear accelerator consisting of accelerating RF cavities with
quadrupole lenses interspersed. There is a fictitious /deal particle that is on-axis and at the
nominal energy (which increases linearly with s, the distance along the accelerator). Real
particles can deviate from the Ideal by being off-axis and/or at other than the nominal
energy. Concentrate on the energy motion first.

Energy Motion

The RF wave in the accelerating cavities can be thought of as propagating in the +s
direction with phase velocity equal to ¢, the speed of light. At a fixed s the accelerating
electric field is
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