
Phys 410 “Beam Dynamics in Accelerators”  

Purpose 

The purpose of this course is to give a theoretical foundation to the physics and technology of particle 

accelerators. It is designed for students at the graduate level as well as advanced undergraduates. 

 

Prerequisites 

Students should have had special relativity, classical mechanics and electrodynamics, requiring having 

taken P227 with a grade of B or higher. Some knowledge of classical Hamiltonian dynamics is 

recommended. 

Objectives 

Students should gain basic knowledge of the physics (and the jargon) of particle accelerators. By 

completion of the course, students should understand the underlying principles of beam dynamics in 

synchrotrons, storage rings, and linear accelerators including periodic and non-periodic focusing 

systems, magnet and RF technology, synchrotron radiation, and nonlinear dynamics. By the end of the 

course, students should be able to explain and describe: 

• linear motion through a strong focusing lattice, including longitudinal and off-momentum 
motion; 

• nonlinear motion using difference and differential equations, with single particles and bunches; 
• characteristics and typical parameters of normal and superconducting magnets and RF cavities; 
• linear errors, their correction, sextupoles, chromaticity, and the Henon map; 
• octupoles, detuning and dynamic aperture; 
• synchrotron radiation - classical damping and quantum excitation; 
• nonlinear betatron resonances. 

 

Instructional Method 

Two classes per week. There will be 9-10 lectures, once a week, and 9-10 sessions for discussions, in-

class demonstrations, and for working through and reviewing set problems. There will be homework, 

and a final exam. 

 

Course Content 

The physical principles behind the design and operation of electron and proton storage rings and linear 

accelerators will be described, including relevant aspects of charged particle optics, linear and nonlinear 

beam dynamics, including synchrotron radiation. Expressions for beam properties that depend on the 

lattice structure will be derived, and applied to the design of accelerators and storage rings for particular 

applications. Beam dynamics problems related to single-particle dynamics will be discussed, 

emphasizing the use of difference equations that lead to N-turn Hamiltonians. The requirements for 

some of the technical subsystems, including magnets and RF systems, will be considered in the context 

of their beam dynamics impact on beam behavior and accelerator performance. 

 


