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óParticle accelerators are built for the sole 

purpose of endowing nuclear particles with large 

quantities of kinetic energyô ïJohn Livingood
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Radioactivity: Becquerel + 2 Curies



Splitting the atom - Manchester

ñit has long been my ambition to 
have available for study a copious 
supply of atoms and electrons which 
have an individual energy far 
transcending that of the alpha- and 
beta-particles from radioactive 
bodiesò 



A little historyé

Very quickly after Roentgenôs discovery of 

X-rays and Marie Curieôs discovery of 

radioactivity, they were both being used to 

treat disease, including cancer



Rutherford and Chadwickôs Apparatus



William Crookes



Walton, Rutherford, Cockcroft

ÁIn 1928, George Gamow proposed that alpha 
particles could tunnel through the nuclear energy 
barrier. John Cockcroft saw Gamow give a 
lecture in January 1929 at the Cavendish 
laboratory (Cambridge), and realised that 
voltages of only a few hundred keV could deliver 
nuclear transmutations, rather than the many 
MeV they previously thought was needed. 

ÁRutherford agreed with Cockcroftôs calculations, 
and convinced Walton to abandon his linear 
accelerator idea. Using a £1000 university grant 
they bought a 300 kV transformer which they 
then rectified to DC. A small beam of low-energy 
protons was then accelerated downwards to 280 
keV and into some light targets (Li and Be). 
However, this didnôt work.

ÁCockcroft invented a voltage multiplier to obtain 
up to 700 keV, which was enough. The atom was 
split, making alpha particles that Walton observed 
while sitting in the lower observation cabin.



DC Acceleration

MIT Round Hill Van de Graaff

ORNL Tandem VdG

Birmingham dynamitron

3 MeV, 1 mA protons

Robert Van de Graaffôs Patent

Cockcroft-Walton

Li + p Ÿ He + He 



Daresbury VdG NSF: 20 MV Van de Graaff



Lorentz Force ïthe fundamental equation for accelerators



Chadwick apparatus ïdiscovery of the neutron

Chadwick and Cockcroft,

At Daresbury 20th Oct 1966



James Chadwick and Leslie Groves



Rolf WideroeôsLinac

Replica of original linac, at National Physical Laboratory



Louis Alvarez



Alvarez structure

(with drift tubes)



Radiance from Halcyon

1937



Round and round we go... Cyclotrons (protons)

Ernest O. Lawrence,

Milton Livingston

óLawrence got his Nobel Prize. I just got a PhD.ô

(but in 8 months)



Emilio Segrè and the 37-inch cyclotron deflector foil

óIn February 1937 I received a letter from Lawrence 

containing more radioactive stuff. In particular, it 

contained a molybdenum foil that had been part of the 

cyclotron's deflector. I suspected at once that it might 

contain element 43. The simple reason was that 

deuteron bombardment of molybdenum should give 

isotopes of element 43 through well-established nuclear 

reactions. My sample, the molybdenum deflector lip, 

had certainly been intensely bombarded with 

deuterons, and I noted that one of its faces was much 

more radioactive than the other. I then dissolved only 

the material of the active face, in this way achieving a 

first important concentration of the activity. ó









Glow from the 11-inch cyclotron



Arthur Dooley: óSplitting the Atomô (1974)

Liverpool 37ò cyclotron, 20 MeV, 1939



60-inch cyclotron

20 MeV, 1939



By 1948 they were already getting quite largeé



ôBig Scienceô and Ernest Lawrence

ÁLANL

ÁLLNL

ÁLBNL

ÁOak Ridge (calutron)



Henry Blosser ïSuperconducting Cyclotrons

2 October 2012 

TA Antaya 

 Mevion Monarch: about the size and cost of a modern 18 MeV PET 

Cyclotron  

Å Nb3Sn Coils:!

Å High Jc strand- ~3000 A/mm2 (Oxford)!

Å Conductor is derived from DOE HEP Conductor Development 

Program extensively vetted by US LARP!

Å Wind & React, Cable in Channel!

Å Follows a conductor concept developed shown above for the US 

DOE OFES Levitated Dipole Experiment (Minervini et al/MIT)!

Å MIT design under sponsored research agreement with Mevion 

2004-2007  !

2 October 2012 

TA Antaya 

Isotron N13 Demo Cyclotron- First beam 2 June 2012 

21 



The Betatron (electrons)

Slepian, 1922

Wideroe, 1928

Kerst, 1940

22 MeV betatron

2 MeV betatron, Donald Kerst



Electron Betatrons...



Electron FFAG, with Chandrasekhar and Bohr

Kerst proposed in 1956 to have colliding beams



Goward & Barnesôs original e- synchrotron

(converted from betatron)

Woolwich Arsenal, London, 1946

The earliest synchrotrons



Bill Hansen and the 1 MeV Linac, 1947 (6 MeV)

(beware of beryllium)

Proposed the cavity resonator 

for acceleration



Gordon Isaacs, 1957

The first external-beam radiotherapy patient

Harry Kaplan

Radiotherapy pioneer



Phase stability

Ed McMillan Vladimir Veksler

First planned proton synchrotron

1.3 GeV Birmingham, 1953

Marcus Oliphant

Synchrophasotron, Dubna, 1957

Veksler

Cockcroft



Glasgow 350 MeV e- Synchrotron ï1st in Europe (1954)



Synchrophasotron control room, Dubna



Cosmotron ïfirst GeV proton accelerator, 1953 (3 GeV)

Also, 1st extracted beam
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The Bevatron (6 GeV): a Large Weak-Focusing Synchrotron (1954)

(Ed McMillan on the left)

Discovered the antiproton (Chamberlain, 1955)



NIMROD (RAL, UK): p+, 7 GeV, 1960


