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!"#$%#$
1. Typical Particle Accelerators 
2. Typical Accelerator Components
3. Linear Beam Optics (Circular & Straight)
4. Beam distributions
5. Nonlinear Beam Optics
6. Differential Algebra for Nonlinear Maps
7. Longitudinal Phase Space
8. Synchrotron Radiation
9. Polarization
10. Waveguides and Cavities

Accompanied by homework question and
applied accelerator-optics design.

USPAS graduate Accelerator Physics
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Dates:
Monday – Friday June 5 – 9, 2023, 9 - 12 and 2 - 5pm, HW after 7:30pm
Monday – Thursday June 12 – 15, 2023, 9 - 12 and 2 - 5pm, HW after 7:30pm
Friday: summary and final exam, 9am - noon

Expectation:
Collaborate on homework.
Consult TAs for homework and optics design.

Co-instructor for Bmad, design, and simulation: David Sagan dcs16@cornell.edu
TAs: Ningdong Wang nw285@cornell.edu and Matthew Signorelli mgs255@cornell.edu

Lecture notes, homework, and homework solution will be on the class web page
https://www.classe.cornell.edu/~hoff/LECTURES/23USPAS/

Class data

mailto:dcs16@cornell.edu
mailto:nw285@cornell.edu
mailto:mgs255@cornell.edu
https://www.classe.cornell.edu/~hoff/LECTURES/19F_7688/index.html
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To practice what will be learned, accelerators will be simulated with the 
programs Tao and Bmad.

You all have accounts to run Bmad, which will be introduced Monday 
afternoon.

There will be Homework of analytical nature and design / optimization / 
simulation assignments.

Accelerator optics and simulations
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Images are taken from many sources, including:

The Physics of Particle Accelerators, Klaus Wille, Oxford University Press, 2000, ISBN: 19 
850549 3

Particle Accelerator Physics I, Helmut Wiedemann, Springer, 2nd edition, 1999, ISBN 3 540 
64671 x

Teilchenbeschleuniger und Ionenoptic, Frank Hinterberger, 1997, Springer, ISBN 3 540 
61238 6

Introduction to Ultraviolet and X-ray Free-Electron Lasers, Martin Dohlus, Peter Schmüser, 
Jörg Rossbach, Springer, 2008

Various web pages, 2003 – 2023
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Recommended as

Introduction
The Physics of Particle Accelerators: An Introduction, Klaus Wille, Oxford University 
Press

Wide selection of well explained topics
Particle Accelerator Physics, Helmut Wiedemann, Springer, (preferably 3nd edition)

Tremendous overview, with references for derivations and explanations
Handbook of Accelerator Physics and Engineering, Alexander Wu Cao, Maury Tigner, 
Hans Weise, Frank Zimmermann (3nd edition) 

Literature
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What is accelerator physics ?
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Particle accelerators, large and small
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• Industry
•Food & product safety
•Contraband detection
•Semiconductor fabrication
•Bridge safety

• Medicine
•Tumor detection and treatment.

• Research
•X ray sources and colliders for nuclear & particle physics
•Electron microscopes

~30,000 industrial and medical accelerators are in 
use, with annual sales of $3.5 B

and 10% growth per year.

Since 1943, a Nobel Prize in Physics has been awarded to research benefiting 
from accelerators every 3 years.

Since 1997, the same has been true of Chemistry.

Why accelerator physics ?
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A short history of accelerators
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Discoveries with accelerated beams …
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The need for higher energies
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Tunneling allows low energies
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Three historic lines of accelerators
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The Van de Graaff Accelerator



!"#$%&'#(()*+"**"$,-#$."//&"01222222222222222!$+01+*"2344"/"$+*#$2567)84)2222222222229:53:2)1;;"$2<=<>

! :+#):&07#6)H&0)7#)O%&&115)+.2+#-')#0#%2,)Z[E#H
! :=()H&0)7#)O%&&11-5)(0#)L)(0#)^

! FJZN>)_%&-"+)&07)T&02#);-#)/('#0'.&$)1%(6)$.2+'#0.025).0)'+#)?=.--)!$/-5)
T&02#).-)1&'&$$,)#$#"'%(";'#7

The Tandem (Van de Graaff) Accelerator
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The Cockcroft-Walton Accelerator
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The Marx Generator
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Three historic lines of accelerators
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The Cyclotron
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The Cyclotron frequency
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The Edge Focusing
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Quadrupole Focusing
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The Isocyclotron
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First Medical Accelerators
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Modern Nuclear Radiation Therapy
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The Microtron
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The Rhodotron
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The Microtron Condition
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Accelerating Cavities
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The Alvarez Linear Accelerator
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