
1

LONGITUDINAL DYNAMICS
IN PARTICLE ACCELERATORS

by

Joël Le DuFF

Cockroft Institute, November 200 9



2

Bibliograph y : Old Books

M. Stanley Livingston        High Energy Accelerators
(Interscience Publishers, 1954)

J.J. Livingood                    Principles of cyclic Particle Accelerators
(D. Van Nostrand  Co Ltd ,  1961)

M. Stanley Livingston and J. B. Blewett   Particle Accelerators
(Mc Graw Hill Book Company, Inc 1962)

K.G. Steffen High Energy optics
(Interscience Publisher, J. Wiley & sons, 196 5)

H. Bruck Accelerateurs  circulaires de particules
(PUF, Paris 1966)

M. Stanley Livingston (editor) The development of High Energy  Accelerators 
(Dover Publications, Inc, N. Y. 1966)

A.A. Kolomensky & A.W. Lebedev    Theory of cyclic Accelerators
(North Holland Publiher s Company, Amst . 1966)

E. Persico, E. Ferrari, S.E. Segre     Principles of Particles Accelerators
(W.A. Benjamin, Inc. 1968)

P.M. Lapostolle & A.L. Septier          Linear Accelerators
(North Holland Publiher s Company, Amst . 1970)

A.D. Vlasov                         Theory of Linear Accelerators
(Programm for scientific translation s, Jerusalem 1968)



3

Bibliograph y : New Books

M. Conte, W.W. Mac Kay     An I ntroduction to the Physics of particle Accelerators
(World Scientific, 1991)

P. J. Bryant and K. Johnsen  The Principles of Circular Accelerators and Storage Rings
(Cambridge University Press, 1993)

D. A. Edwards, M. J. Syphers An I ntroduction to the Physics of High Energy Accelerators
(J. Wiley & sons, Inc, 1993)

H. Wiedemann Particle Accelerator Physics
(Springer -Verlag, Berlin, 1993)

M. Reiser Theory and Design of Charged Particles Beams
(J. Wiley & sons, 199 4)

A. Chao, M. Tigner Handbook of Accelerator Physics and Eng ineering
(World Scientific 19 98)

K. Wille                           The Physics of Particle Accelerators: An Introduction
(Oxford University Press, 2000 )

E.J.N. Wilson An introduction to Particle Accelerators
(Oxford University Press, 2001)

And CERN Accelerator Schools (CAS) Proceedings



4

Acceleration & Curvature
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Energy Gain
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In relativistic dynamics, energy and momentum satisfy the relation:

Hence: vdpdE=

The rate of energy gain per unit length of acceleration (along z) is then:

and the kinetic energy gained from the field  along the z path is: 

where V  is just a potential

( )WEE += 0
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Methods of Acceleration

1_ Electrostatic Field

Energy gain : W=n.e(V2-V1)

limitation         : V generator =SVi

2_ Radio-frequency Field

Synchronism : L=vT/2

v=particle velocity T= RF period

Wideroe structure

Electrostatic accelerator
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3_ Acceleration by induction

From MAXWELL EQUATIONS :
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The electric field is derived from a scalar potential fand a vector potential A
The time variation of the magnetic field H generates an electric field E

Methods of Acceleration (2)
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d.c. high voltage generator

HV system used by Cockcroft & Walton to break the  lithium nucleus

Electrostatic accelerator

Accelerating column
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Van de Graaf type electrostatic accelerator

Electrostatic accelerator (2)

An insulated belt is used to 
transport  electric charges to a 
HV  terminal .

The charges are generated  by 
field effect from a comb on the 
belt . At the terminal they are 
extracted in a similar way.

The HV is distributed along the 
column through a resistor.
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Betatron

The betatron uses a variable 
magnetic field with time. The 
pole shaping gives a magnetic 
field Bo at the location of the 
trajectory, smaller than the 
average magnetic field. 

A constant trajectory also requires :
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At each radius r corresponds a velocity v for the 
accelerated particle. The half circle corresponds to 
half a revolution period T/2 and B is constant:
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Synchronism if  : rRF ww =

m = m0 (constant)   if     W  <<  E 0

v=Vsinwt

Cyclotron

If so the cyclotron is isochronous
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Cyclotron (2)

Cyclotron of M.S.Livingstone (1931)
On the left the 4 - inch vacuum chamber
Used to validate the concept.
On the right the 11 - inch vacuum chamber
of the Berkeley cyclotron that produced
1,2 MeV protons.
In both cases one single electrode (dee). 

Here below the 27 - inch cyclotron,
Berkeley (1932). The magnet was 
originally part of the resonant 
circuit of an RF current generator 
used in telecommunications. 
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Cyclotron (4)

Cyclotrons at GANIL, Caen
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Cyclotron (5)

Energy-phase equation:

Energy gain at each gap transit:

Particle RF phase versus time:
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where qis the azimuthal angle of trajectory
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Cyclotron (6)
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The expression                          shows that if the mass

increases, the frequency decreases : 

m wr

Synchronism condition:

m
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If the first turn is synchronous :

electrons      0.511 MeV 

Energy gain per turn

protons        0.938 GeV !!!

Since required energy 

gains are large the 

concept is essentially 

valid for electrons.

Microtron    (Veksler, 1954)


