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Preface
This Handbook is a product of the world community of accelerator physicists and engineers. 
¢ƘŜ ŬǊǎǘ ŜŘƛǘƛƻƴ ǿŀǎ ƛǎǎǳŜŘ {ŜǇǘŜƳōŜǊΣ мффуΣ ŀ ǎŜŎƻƴŘ ŜŘƛǘƛƻƴ ƛƴ Wǳƭȅ нлмнΣ ŀƴŘ ŀ ǘƘƛǊŘ ŜŘƛǘƛƻƴ 
in December 2022. With the ŎƻƴǘƛƴǳŜŘ ŀŘǾŀƴŎƛƴƎ ƻŦ ǘƘŜ ŀŎŎŜƭŜǊŀǘƻǊ ŬŜƭŘΣ ŀ ǘƘƛǊŘ ŜŘƛǘƛƻƴ 
appears now in order.

This is not a textbook but rather a collection of information useful to professionals in research, 
design, construction, and operation of accelerators. The Handbook has been prepared by more 
than 200 experienced experts from across the spectrum of accelerator related institutions and 
to them sincere thanks are due.

In addition to content, a high priority has been given to portability of the book. This has led to 
ŀ ǎŀŎǊƛŬŎŜ ƻŦ ǎƻƳŜ ŀŜǎǘƘŜǘƛŎǎ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀƪŜ ǘƘŜ ǘŜȄǘ ŀǎ ŎƻƳǇŀŎǘ ŀǎ ǇƻǎǎƛōƭŜΦ CƻǊ ǘƘŀǘΣ ƻǳǊ 
apologies go to users and authors alike.

Singularly important are the referencesto be found at the end of each subsection. Here the 
ǳǎŜǊ ǿƛƭƭ ŬƴŘ ƭƻŎŀǘƛƻƴǎ ƻŦ ǘǳǘƻǊƛŀƭ ƳŀǘŜǊƛŀƭ ŀǎ ǿŜƭƭ ŀǎ ǊŜƭƛŀōƭŜ ŘŜǘŀƛƭ ŦƻǊ ŦǳǊǘƘŜǊ ǊŜŀŘƛƴƎΦ ¢ƘŜ 
references are not intended to be exhaustive or to indicate priority of discovery or invention, 
but rather to provide a reliable lead into the literature. In addition, a detailed index gives 
access to occurrences of important subjects and concepts to be found herein.



The fees and royalties that would normally be paid to authors and editors are 
donated to provide scholarships to the CERN Accelerator School and to the US 
Particle Accelerator School.

!ǳǘƘƻǊǎ ŀƴŘ 9ŘƛǘƻǊǎ ƘŀǾŜ ƳŀŘŜ ƎǊŜŀǘ ŜŦŦƻǊǘǎ ǘƻ ŬƴŘ ŀƴŘ ŜƭƛƳƛƴŀǘŜ ŜǊǊƻǊǎΦ 
Nevertheless we recognize that there will be errors and have provided for errata to 
appear on a Handbook website:
https://www.worldscientific.com/worldscibooks/10.1142/13229

Please help in this community effort by sending suggestions for corrections by e-mail 
to the address frank.zimmermann@cern.ch

tǊŜŦŀŎŜ ŎƻƴǘΨŘ

https://www.worldscientific.com/worldscibooks/10.1142/13229


²Ŝ ǊŜƳƻǾŜŘ ŎƘŀǇǘŜǊ у άwŀŘƛŀǘƛƻƴ ŜŦŦŜŎǘǎ ŀƴŘ ǇǊƻǘŜŎǘƛƻƴέ ŜȄŎŜǇǘ ŦƻǊ уΦт wŀŘΦ 5ŀƳŀƎŜ ¢ƘǊŜǎƘƻƭŘǎ 
(integrated not Chapter) ςchapters 8 from 1st and 2nd edition continue to serve as a reference

²Ŝ ǳǇŘŀǘŜŘΣ ŀŘŘŜŘ ƻǊ ŜȄǘŜƴŘŜŘ Ƴŀƴȅ ƴŜǿ ŀƴŘ άƘƻǘέ ǘƻǇƛŎǎΣ ŜΦƎΦΥ
LHC, SuperKEKB, RHIC operation etc.
CLIC & CTF3
SC proton linacs
SC e- linacs
EIC, FCC, CEPC
Ultimate storage rings
Advanced FEL schemes
Ultrafast electron diffraction
Top-up injection
Emittance exchange 
Multiple frequency rf systems
Machine learning for accelerators
Gamma factory
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