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Electrostatic accelerators

The easiest way to accelerate a charged particle 
(e.g.: an electron) is to use two electrodes and apply 
a differential potential
● The energy gain is in qV
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 Question:
How the energy gain is  measured?

(the unit is...)
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Electrostatic accelerators

The easiest way to accelerate a charged particle 
(e.g.: an electron) is to use two electrodes and apply 
a differential potential
● The energy gain is in qV
● Measured in eV
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Electrostatic accelerators
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Crockcroft-Walton
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Van de Graaf
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 Question:
Can I use/design a circular electrostatic 

accelerator?
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Circular accelerators
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 Question:
How can I increase the energy? What are the 

pros and cons?
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Resonant acceleration

1924: Ising proposed time-varying fields across drift tubes. 
This is  a “resonant acceleration”, which can achieve energies 
above that given by the highest voltage system

1928: Wideröe demonstrates Ising's principle with a 1 MHz, 25 
kV oscillator to make 50 keV potassium ions

1929: Lawrence, inspired by Wideröe and Ising, conceives the 
cyclotron

1930: Livingston demonstrates the cyclotron by accelerating 
hydrogen ions to 80 keV

1932: Lawrence's cyclotron produces 1.25 MeV protons and he 
also splits the atom just a few weeks after Cockcroft and Walton 
(Lawrence received the Nobel Prize in 1939).
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Resonant acceleration

● Alternate drift tubes are connected to 
the same terminal of an RF generator
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 Question:
Why are the drift tubes longer?



14

Resonant acceleration

● Alternate drift tubes are connected to 
the same terminal of an RF generator

● The generator frequency is adjusted 
so that a particle traversing a gap sees 
an electric field in the direction of its 
motion 

● As the particle gains energy and 
speed the structure periods must be 
made longer to maintain synchronism
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Resonant acceleration

● As the velocity increases the drift tubes 
become inconveniently long

● One can increase the frequency, but at high 
frequencies the open drift-tube structure is 
lossy

● This problem is overcome by enclosing the 
structure to form a cavity or series of 
cavities at MHz range

● Ising principle is still applied to current 
accelerators

● Alvarez at University of California in 1955:  
200 MHz 12 m long Drift Tube Linac 
accelerated protons from 4 to 32 MeV.
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LINAC

LINAC main components:
● Couch: support the patient during the 

treatment, can be moved on XYZ axis
● Accelerating Waveguide: A series of 

microwave resonance cavities used to 
accelerate the electron beam

● Bending Magnet: a magnetic lens 
used to focus and position the beam 

● Circulator: to prevent microwave 
energy from reflecting backwards to 
the Klystron/Magnetron

● Cooling System: water or air cooling 
system for the losses in microwave 
generation and acceleration

● Electron Gun: produces the electrons 
which are accelerated in the 
accelerating waveguide



17

LINAC

● Energy Selector: may be placed 
within the bending magnet array to 
narrow the allowed electron energy 
range incident on the target

● Klystron/Magnetron: Klystrons and 
Magnetrons produce the microwave 
used to power the accelerating 
waveguide

● Head: components required for beam 
production and shaping including 
targets, scattering foils, beam shaping 
collimators and the optical distance 
indicator.

● Waveguide: The waveguide is a 
channel directing the microwave 
power from the Klystron/Magnetron to 
the Accelerating Waveguide
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Circular accelerators
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 Question:
How to “bend” charged particles?
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Lorentz force and magnetic rigidity
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Lorentz force and magnetic rigidity
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Cyclotron

Asimmetrie, rivista dell’INFN, 6 aprile 2008
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Cyclotron



24

Cyclotron
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Cyclotron

The revolution frequency 
decreases when the 
particle begins to be 
relativistic (γ > 1)

To keep synchronization, 
B(r) shall increase like γ(r)
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B field in cyclotrons used in particle therapy



27

Modern cyclotrons

One of the limit of the 
classical, weak focussing 
cyclotron is that the 
isochronism is maintained 
at a given value of R

At present, cyclotrons are 
usually composed of 
different defocus-focus RF 
“dee” to improve the 
overall focusing
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Modern cyclotrons
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Modern cyclotrons
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Modern cyclotrons
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 Question:
Can I reach TeV with a cyclotron?
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Synchrotron
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 Question:
What is one of the main difference between 

cyclotrons and synchrotrons in terms of beam 
properties?
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Synchrotron spill
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 Question:
What is the geometry of a synchrotron?
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Synchrotron main components
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Synchrotron vs cyclotron

Main differences:

● Cyclotrons accelerate particle with Dees, 
while synchrotron use RF cavities

● Cyclotrons can send continuous beam, 
but with fixed extraction energy

● Synchrotrons need injection and 
extraction systems

● Typically, synchrotrons are bigger and 
they cost much more than cyclotrons

● Synchrotrons are suitable to accelerate 
heavy particles at high energy

● Synchrotrons are more “flexible” in terms 
of energy range and sources

● Cyclotrons used for particle therapy and 
production of medical isotopes
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Dipoles
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Quadrupole
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Quadrupole
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Sextupoles

● Dipoles to define the ideal path

● Quadrupoles to keep particles near the ideal path

● Sextupoles to correct Chromatic (momentum) effects
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Overall focusing
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 Question:
Can I increase the particle extraction energy 

limitlessly?



44

HEP accelerators
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CNAO
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CNAO
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CNAO
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CNAO
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CNAO
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CNAO
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CNAO
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MedAustron (near Vienna, Austria)

MedAustron (Austria) realizzato su 
progetti del CNAO 
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Loma Linda University Medical center (USA)
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HIMAC (Japan)

The HIMAC can 
accelerate various 
ions (H, He, C, O, 
Ne, Ar, Fe, Kr and 
Xe) to high 
energies (100 
MeV/u to 800 
MeV/u depending 
on the ions)
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HIT (Heidelberg, Germany)
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Protonterapia Trento

IBA cyclotron
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Questions?
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Comunicazione di servizio
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