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but we cannot be late! => Why?
JUAS started in 1994 and will be 30 years old in 2024

Celebration foreseen end November / beginning December

"
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Need to publish the book before!

Kick-off
meeting with

Authors

\
E. Métral, 01/04/2022
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What a journey!
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¢ August 2021: | became the 7th JUAS director

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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+ August 2021: | became the 7th JUAS director

¢ 20/09/2021: | proposed to the JUAS lecturers during
the JUAS-2022 Lecturers Meeting to write a CERN
Yellow Report on JUAS (with the added value of the
exercises and solutions) => Many people told me
that it was an excellent idea and that they would be
very happy to join

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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August 2021: | became the 7th JUAS director

20/09/2021: | proposed to the JUAS lecturers during
the JUAS-2022 Lecturers Meeting to write a CERN
Yellow Report on JUAS (with the added value of the
exercises and solutions) => Many people told me
that it was an excellent idea and that they would be
very happy to join

09/11/2021: Carlos Lourenco, the chairman of the
CREB (CERN Reports Editorial Board) whom |
contacted, informed me that the CREB "approved In
principle" the proposed CERN Yellow Report

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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August 2021: | became the 7th JUAS director

20/09/2021: | proposed to the JUAS lecturers during
the JUAS-2022 Lecturers Meeting to write a CERN
Yellow Report on JUAS (with the added value of the
exercises and solutions) => Many people told me
that it was an excellent idea and that they would be
very happy to join

09/11/2021: Carlos Lourenco, the chairman of the
CREB (CERN Reports Editorial Board) whom |
contacted, informed me that the CREB "approved In
principle” the proposed CERN Yellow Report

16/12/2021: Jens Vigen (CREB publisher) sent me a
first Overleaf template, on which we started to work...

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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07/02/2022: kick-off meeting for the Editorial Board of the JUAS book
1) Frederick Bordry

2) Marco Bozzo
: AS-2024 Book: kick-off meeting for the Editorial Boar
3) Phil Burrows JUAS-20 ok: kick-off meeting for the Editorial Board
_ Monday 7 Feb 2022, 18:00 — 19:00 Europe/Zurich
4) JOaChlm EnderS s Elias Metral (CERN)
5) Angeles FaUS-G()lfe Description https://indico.cern.ch/event/972050/attachments/2137816/3601209/go
Elias Métral X Elias.Metral@cern.ch
6) Terry Garvey & juas@esi-archamps.eu
7) Sophle Kazamlas XV — 19:00 Agenda
8) Yu rl Ku byS h I n 3 gu(g;v:;izz EE:?;::::iI)()verleaf (Jens Vigen)

3) Discussion and next steps (Elias Métral)

9) Philippe Lebrun
0) Joel Le Duff
1) Francois Méot
2) Elias Metral
3) Luigi Palumbo
4) Marcelle Rey-Campagnolle

5) Louis Rinolfi

6) Vittorio Vaccaro

/) Ursula Van Rienen

8) Jens Vigen (from the CERN Library)
9) Carsten Welsch
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¢ The final goal for this Editorial Board is 15th November 2024
to have the JUAS-2024 book published electronically as a CERN
Yellow Report

e — |
E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024 6
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The final goal for this Editorial Board is 15th November 2024
to have the JUAS-2024 book published electronically as a CERN
Yellow Report => Should look like this (e.g. below of the CERN
Yellow Report for the MCBI 2019 workshop)

CERN Yellow Reports: Conference Proceedings

Current Archives Announcements About ~

Home / Archives |

CERN Yellow Reports. o~ o o
Conferce Procesdngs

Proceedings of the ICFA
mini-Workshop on

Mitigation of Coherent Beam
Instabilities in Particle Accelerators

23-27 September 2019
Zormant. Swazerland

Published: 2020-12-16

Full Issue

PDF

Vol. 9 (2020): Proceedings of the ICFA mini-Workshop on Mitigation of Coherent Beam Instabilities in Particle Accelerators, Zermatt,
Switzerland, 23-27 September 2019

Vol. 9 (2020): Proceedings of the ICFA mini-Workshop on Mitigation
of Coherent Beam Instabilities in Particle Accelerators, Zermatt,
Switzerland, 23-27 September 2019

Editors: E. Métral, G. Rumolo, T. Pieloni

This ICFA Mini-Workshop on “Mitigation of Coherent Beam Instabilities in Particle
Accelerators" (MCBI2019) focused on all the mitigation methods for all the coherent
beam instabilities, reviewing in detail the theories (and underlying assumptions),
simulations and measurements on one hand, but on the other hand trying to compare
the different mitigation methods (e.g. with respect to other effects such as beam
lifetime) to provide the simplest and more robust solutions for the day-to-day
operation of the machines.

ISBN 978-92-9083-588-2 (paperback), ISBN 978-92-9083-589-9 (PDF)

DOI: https://doi.org/10.23732/CYRCP-2020-009

Q Search

e
E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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¢ 01/04/2022: kick-off meeting for the Authors of the

JUAS-2024 book

JUAS-2024 Book: Kick-off meeting for the Authors

Friday 1 Apr 2022, 16:00 = 17:00 Europe/Zurich

A Elias Metral (CERN)

Description https://indico.cern.ch/event/972050/attachments/2137816/3601209/go

& Minutes_JUAS2024...

Elias Métral T Elias.Metral@cern.ch
™ juas@esi-archamps.eu

— 16:30 The plan: we have (a lot of) time... but we cannot be late!

= Date of publication of this book as a CERN Yellow Report

Editorial Board

Structure of the book

3 roles: AUTHORS, supported by Editorial Board Chapter Editors and Editorial Board Section Coordinators
Content of the chapters and number of pages

Deadline(s) and milestones

The template(s) => See below

Any comments / questions from your side?

Speaker: Elias Metral (CERN)

JUAS2024Book-Kic...

m — 17:00 The template(s): Overleaf (preferred) and Word

Speaker: Jens Vigen (CERN)

&’ Overleaf template  ¢§? Style guide forthe J.. ¢4’ Word template

O30m & ~

®O30m & ~

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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but we cannot be late! => Why?

¢ JUAS started in 1994 and will be 30 years old in 2024

> Celebration foreseen end November / beginning December

P;?ﬂ

* Need to publish the book before!

|
E. Métral, 01/04/2022 3

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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Publication date | | S
(by Jens Vigen from CERN Library)

15 November 2024

(i.e. in 31.5 months)

E. Métral, 01/04/2022 4

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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¢ 1st role (and most important one). AUTHOR => To write a
Chapter in a Section

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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¢ 1st role (and most important one). AUTHOR => To write a
Chapter in a Section

¢ 2nd role: Editorial Board Chapter Editor (EBCE) => To help an
AUTHOR of a Chapter

L |
E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024 10
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¢ 1st role (and most important one). AUTHOR => To write a
Chapter in a Section

¢ 2nd role: Editorial Board Chapter Editor (EBCE) => To help an
AUTHOR of a Chapter

¢ 3rd role: Editorial Board Section Coordinator (EBSC) => To
help the Editorial Board Chapter Editors and AUTHORS of a
Section and coordinate the work in a Section

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024 10



19 members
of Editorial Board

* 1) Frederick Bordry
* 2) Marco Bozzo
* 3) Phil Burrows
* 4) Joachim Enders
* 5) Angeles Faus-Golfe
6) Terry Garvey
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0
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17) Ursula Van Rienen

* 18) Jens Vigen (from the CERN Library)
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Many thanks
to all of them for
all their work as

EBCE or EBSC
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of Editorial Board

1) Frederick Bordry

2) Marco Bozzo

3) Phil Burrows

4) Joachim Enders

5) Angeles Faus-Golfe

6) Terry Garvey

/) Sophie Kazamias

8) Yuri Kubyshin
)
0
1

Many thanks for
all his work to move
several Word papers
(with many equations)
into Overleaf (without
ChatGPT)

9) Philippe Lebrun

) Joel Le Duff

) Francois Méot

12) Elias Métral

13) Luigi Palumbo

14) Marcelle Rey-Campagnolle
15) Louis Rinolfi

16) Vittorio Vaccaro

17) Ursula Van Rienen

18) Jens Vigen (from the CERN Library)
19) Carsten Welsch

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024 11
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\int {U(0)}"{U(d)} \frac{dU} {UN{1/4}} =
\sqrt{4k} \int {0}"{d} dz \\

\\

\implies \left| \frac{4} {3} U"{3/4} \right] {U(0)}
MU(d)} = \sqrt{dk} (d - 0) \\

\\

U0)=V 0-V(0)=0\\

Ud)=V 0-V(d)=V 0\

\\

4.7 \quad \frac{4} {3} V 0"{3/4} =\sqrt{dk} d \\
\\

k =\rac{J 0} {\epsilon 0} \sqrt{\frac{m}{2q}}
\quad \text{so} \quad \frac{16} {9} \frac{V 0}
{d"2} =\rac{4 J 0} {\epsilon 0} \sqrt{\frac{m}
12455\

\\

\implies J 0 =\frac{4}{9} \epsilon 0
\sqrt{\Mrac{2q} {m}} \cdot \frac{V 07{3/2}}
1d"2§

translate In latex

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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Only exponent
3/2 missing... Vo — V(0) =0

: 3/2
translate in latex 2¢g Vo
m d2

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024 12
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* 1) Reyes Alemany Fernandez * 22) Massimo Giovannozzi * 43) Adrian Oeftiger
* 2) David Alesini * 23) Edda Gschwendtner * 44) Thomas Perron
* 3) Claire Antoine * 24) Bastian Harer * 45) Eduard Prat
% 4) Michaela Arnold * 25) Heino Henke * 46) Xavier Queralt

5) Vincent Baglin * 26) Benedikt Hermann * 47) Marcelle Rey-Campagnolle
% 6) Hannes Bartosik * 27) Bernhard Holzer * 48) Louis Rinolfi
>* 7) Nicold Biancacci * 28) Rasmus Ischebeck * 49) Giovanni Rumolo
* 8) Luca Bottura * 29) Bertrand Jacquot * 50) Benoit Salvant
* 9) Frédéric Bouly * 30) John Jowett * 51) Todd Satogata
>* 10) Oliver Brilining * 31) Roberto Kersevan * 52) Jacobus Maarten Schippers
* 11) Sergio Calatroni * 32) Wiel Kleeven * 53) Daniel Schulte
* 12) Nicola Carmignani * 33) Sofia Kostoglou * 54) Jochem Snuverink
* 13) Fritz Caspers * 34) Alexandre Lasheen * 55) Thomas Thuillier
* 14) André Durham * 35) Joél Le Duff * 56) Erik Van Der Kraaij
* 15) Mamad Eshraq * 36) Philippe Lebrun * 57) Christine Vollinger
* 16) Paolo Ferracin * 37) Francois Méot * 58) Maurizio Vretenar
* 17) Peter Forck * 38) Elias Métral * 59) Manfred Wendt
* 18) Nuria Fuster Martinez * 39) Samuel Meyroneinc * 60) Thomas Zickler
* 19) Davide Gamba * 40) Mauro Migliorati * 61) Frank Zimmermann
* 20) Jean-Christophe Gayde * 41) Willy Mondelaers * 62) Elke Zimoch
* 21) Alexander Gerbershagen * 42) Andrea Mostacci

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024 13
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62 authors: country distribution. ™

© Belgium @ France @ Germany ( Italy @ Netherlands
@ Spain C Sweden @ Switzerland UK @ USA

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024

14



juss _fesl

62 authors: gender distribution | =——

O Male
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The Joint Universities Accelerator School (JUAS) started in 1994 as “an experiment”. Today, its

30th birthday 1s being celebrated by the publication of these proceedings. This is a great achievement of

Readers might study the full book, concentrate on special topics, or just have a glance. In any
case, I wish you the same great feeling I got, realising the tremendous development in the field of particle
accelerators over the last three decades and its expansion to become a dynamic interdisciplinary research
area. I have been dumbfounded when faced with the level of complexity that some of the equipment has
reached. I hope its future development finds a path in our new era of energy saving and preservation of
the planet. Below, I will give only a short overview of the content of the full volume; the present state of
basic knowledge on accelerators 1s to be found mostly 1n Parts I and II.
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The Joint Universities Accelerator School (JUAS) started in 1994 as “an experiment”. Today, its

30th birthday 1s being celebrated by the publication of these proceedings. This is a great achievement of

Readers might study the full book, concentrate on special topics, or just have a glance. In any
case, I wish you the same great feeling I got, realising the tremendous development in the field of particle
accelerators over the last three decades and its expansion to become a dynamic interdisciplinary research
area. I have been dumbfounded when faced with the level of complexity that some of the equipment has
reached. I hope its future development finds a path in our new era of energy saving and preservation of
the planet. Below, I will give only a short overview of the content of the full volume; the present state of
basic knowledge on accelerators 1s to be found mostly 1n Parts I and I1I.

Part I, covering JUAS Course 1, 1s dedicated to the science of Earticle accelerators, 1.e. the basic

theoretical foundations. As in the subsequent part, many exercises are provided, along with their solu-
tions, to give students a comprehensive understanding of each step. Two chapters outline the fundamen-
tals of electromagnetism and special relativity that are required to understand how these machines work.
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Part 11, covering JUAS Course 2, 1s the “heaviest” part: the technology and applications of particle
accelerators. The first chapters deal with the core of the machines, the equipment that accelerates particle
beams (RF systems) and those that bend or steer them (magnets). After reviewing the electromagnetism
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Part I1, covering JUAS Course 2, 1s the “heaviest” part: the technology and applications of particle
accelerators. The first chapters deal with the core of the machines, the equipment that accelerates particle
beams (RF systems) and those that bend or steer them (magnets). After reviewing the electromagnetism

Part I1I features the seminars given to illustrate the courses. What purposes do the accelerators
serve? How did the technology develop? What are the links between the different fields in which accel-

erators are used? Insights into practical applications improve the integration of the courses. The ongoing
demand from fundamental research and societal applications is now evolving within the framework of
sustainability, leading to the introduction of new technologies that shift from “incremental innovation” to
“disruptive innovation”. The evolution of the CERN accelerator complex over 70 years is a good example

E. Métral (CERN and JUAS Director), JUAS-30, CERN Science Gateway, 27/11/2024
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Part I1, covering JUAS Course 2, 1s the “heaviest” part: the technology and applications of particle
accelerators. The first chapters deal with the core of the machines, the equipment that accelerates particle
beams (RF systems) and those that bend or steer them (magnets). After reviewing the electromagnetism

Part I1I features the seminars given to illustrate the courses. What purposes do the accelerators
serve? How did the technology develop? What are the links between the different fields in which accel-

erators are used? Insights into practical applications improve the integration of the courses. The ongoing
demand from fundamental research and societal applications is now evolving within the framework of
sustainability, leading to the introduction of new technologies that shift from “incremental innovation” to
“disruptive innovation”. The evolution of the CERN accelerator complex over 70 years is a good example

Part IV is an appendix to these proceedings, dedicated to the origin and history of this unique

school. It shows how its present status results from successive improvements in the syllabus, pedagogy,
and organisation due to the ongoing efforts of the JUAS Directors and boards. They follow the ongoing
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Abstract

Electromagnetic fields are at the heart of accelerators. They accelerate,
focus and guide charged particles and they are responsible for the stability
as well as the instability of particle beams. Their range goes from constant
fields up to very fast changing fields with frequencies of many GHz. Since
electromagnetism is part of the university curriculum, we restrict ourselves
to a review of some basics which are important to deal with problems in

particle accelerators.
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Electromagnetic fields are at the heart of accelerators. They accelerate, focus and guide charged
particles and they are responsible for the stability as well as the instability of particle beams. Their
range goes from constant fields up to very fast changing fields with frequencies of many GHz. Since
electromagnetism is part of the university curriculum, we restrict ourselves to a review of some
basics which are important to deal with problems in particle accelerators.

I.1.1 Introduction

Long ago, electricity and magnetism were well known separate phenomena. The birth of electromag-
netism began with the discovery of Oestedt (1820) that an electric current is always associated with a
magnetic field. Later on, Faraday (1831) discovered the electromagnetic induction, the creation of elec-
tric fields by a changing magnetic field. Electromagnetism was born. Maxwell (1864) extended and
completed this work with the four equations, which relate the electric field E and magnetic field H,
together with the electromagnetic Lorentz force. The four equations are

ygﬂ(r,t)-ds=//J(r,t)-dA+%/ D(rt)-dA

%E(r,t)-ds= —%//B(r,t)-dA ,
(L1.1)

#D(r,t)-dAz///p(r,t)dV ,

#B(r,t).dA=o ,
with

E, H the electric and magnetic fields,

D, B the electric displacement and the magnetic induction, which are responsible for the effects of
material on the fields,

J the electric current density,

p the electric charge density.

This chapter should be cited as: Electromagnetism, H. Henke, DOI: 10.23730/CYRSP-2024-003.3, in: Proceedings of the Joint
Universities Accelerator School (JUAS): Courses and exercises, E. Métral (ed.),

CERN Yellow Reports: School Proceedings, CERN-2024-003, DOI: 10.23730/CYRSP-2024-003, p. 3.
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yﬂH(r,t)-ds=//J(r,t)-dA+%/ D(rt)-dA
%E(r,t)-ds=—%//3(r,t)-dA ,
#D(r,t)-dAz///p(’r,t)dV ,

#B(r,t)-dA=O ,

(L1.1)

with

E, H the electric and magnetic fields,

D, B the electric displacement and the magnetic induction, which are responsible for the effects of
material on the fields,

J the electric current density,

p the electric charge density.

This chapter should be cited as: Electromagnetism, H. Henke, DOI: 10.23730/CYRSP-2024-003.3, in: Proceedings of the Joint
Universities Accelerator School (JUAS): Courses and exercises, E. Métral (ed.),
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1.1.10 Exercises

I.1.10.1 Exercise 1: Given is a conducting hollow sphere carrying a charge (). What is the field
in- and outside and what is the stored energy? If the sphere were a model for an electron
(Foe = 511 keV) what is then the classical electron radius 7. = a?
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I.1.10 Exercises
I.1.10.1 Exercise 1: Given is a conducting hollow sphere carrying a charge (). What is the field
in- and outside and what is the stored energy? If the sphere were a model for an electron
(Foe = 511 keV) what is then the classical electron radius 7. = a?
Q
I.L1.11.1 Solution to exercise 1
From Eq. (I.1.1) and due to spherical symmetry
9 0 r<a
#D-dAszdV=4wsorEr )
A 1% Q r>a
Inside the sphere there is no field and no stored energy. Outside the sphere the energy stored in the field
is ) )
1 1/ Q > dr Q
We = = E-DdV=—-|—"—) 4 — = —.
2 // v 2 (471’&‘0) meo /a r2  8mepa
To find the classical electron radius the stored energy must be equal the electron rest energy
¢ et ra= —C
T  8megmoec?’
Since there exist several models for an electron with slightly different factors the radius is defined as
o2
Te = =2.81 x 107 m.
ATegmoeC?
|
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— Can we use the beam in another way than colliding with a target, what is the principle behind light
sources?

— Chapter [.10 on synchrotron radiation

— Do charged particles interact with each other, can we accelerate an infinite amount of particles?
— Chapter 1.12 on collective effects

— What systems do we use to provide the beam with an electric field, how are they designed?

— Chapters I1.2 on RF engineering and I1.5 on superconducting RF cavities

— How do we measure a bunch profile, specifically in the longitudinal plane?
— Chapter I1.9 on beam instrumentation

Moreover, this course is devoted to describing the fundamentals of longitudinal beam dynamics
with specifics linked to the design of synchrotrons. Dedicated chapters on linacs and cyclotrons can be
found elsewhere in these proceedings (see Chapters I.11 and 1.13). Similar concepts are covered in the

other courses but possibly with different definitions, conventions, and assumptions to derive formulas.
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BUNCHED BEAM COHERENT INSTABILITIES

J.L. Laclare
Laboratoire National Saturne, 91191 Gif-sur-Yvette Cedex, France

ABSTRACT

In this chapter, we will deal with coherent longitudinal and trans-
verse instabilities. It is a collective phenomenon which prevents
one from increasing the current circulating inan accelerating device
without losing the beam or spoiling its characteristics.

1. INTRODUCTION

The origin of the mechanism is the electromagnetic field created by the beam itself.
This self-field is proportional to the beam intensity. Furthermore, like any solution of
Maxwell's equations, because of boundary conditions, it depends strongly on the geometry
and the electromagnetic properties of the environment. When the intensity gets large
enough, it becomes sizeable in the sense that it cannot be neglected anymore when compared
to the external guide field.

Dealing with coherent instabilities consists in solving the equation of motion of a
population of particles whileadding the self-field effect. Obviously, the self field per-
turbs the single particle motion, but this is not the remarkable effect. The important
point is that under certain conditions the beam as a whole is unstable.

In literature, there is a countless list of contributions to the subject. The first
to come have been written in the fifties. Nowadays, the subject is still in fashion. Many
reports per year are being produced. This shows how difficult and important the subject
is.

During these two chapters, I will review the fundamentals of coherent instabilities.
In this respect, F. Sacherer's work is certainly the basic source. The main material for
this chapter is drawn from the numerous reports he wrote about ten years ago. Numerous
developments are derived from B. Zotter and G. Besnier's contributions.

In the following, we will only study bunched beams in circular machines; first
longitudinal and then transverse motion.

2. LONGITUDINAL INSTABILITIES

2.1 Single particle longitudinal motion

With respect to the synchronous particle that circulates at the angular revolution
frequency

w :_r:c
s "R (1)

and crosses the Radio Frequency gap when the RF phase is q& , we describe the single par-
ticle motion with a pair of conjugate coordinates

T and z-dT . (2)
dt

For a fixed observer located at azimuthal position © around the machine, T expres-
sed in seconds represents the time interval between the reference particle passing and the
test particle passing. The second coordinate

taqll . o

Py W, (3)

measures the instantaneous momentum deviation of the test particle. The parameter 1 is
negative below the transition energy.

- A A (4)
1 i v -

In smooth machines 'Xk is of the order of Q) (horizontal wave number).

We assume a purely linear synchrotron oscillation around the synchronous particle at
frequency u%o.
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You can now all contribute to this
global effort by sending suggestions for
corrections by e-mail to the address:
Elias.Metral@cern.ch => | will collect all of
them and we will implement them with JensV
either in this book in the coming days
or in a 2nd Edition in the future...
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According to JensV, It is the
largest CERN Report ever!

N\

“The CERN Reports, often known as
Yellow Reports, have been published

since 1955. The JUAS proceedings, with

2200 pages + 171 pages of appendix

(original material), is the largest report—

only containing original material— ever
published in the series”
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Many thanks again to all
people involved and

congratulations: we now have
~ | agreat JUAS book!
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