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Radioactivity: Becquerel + 2 Curies
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Splitting the atom - Manchester 4
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fit 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
bodieso
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Very quickly after
X-rays and Marie Cur
radioactivity, they were both being used to
treat disease, including cancer
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Rut herford and Chadwi ckos Ap
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William Crookes
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Walton, Rutherford, Cockcroft
| A In 1928, George Gamow proposed that alpha
articles could tunnel through the nuclear energy
arrier. 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.

ARut herford agreed with C
and convinced Walton to abandon his linear
accelerator idea. Usm? a £1000 unlver3|t¥|grant
they bought a 300 kV transformer which they
then rectitied to DC. A small beam of Iow-ener%\tg
Erotons was then accelerated downwards to 2

eV and into some Iltghrt] targets c(iLI' a(rjld Be).
| S |
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However, not WO I

A Cockcroft invented a voltage multiplier to obtain
up to 700 keV, which was enough. The atom was

/ sglit, making alpha particles that Walton observed
while sitting in the lower observation cabin.
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DC Acceleration

Cockcroft-Walton
Li + p Y
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Daresbury VdG
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Lorentz Force T the fundamental equation for accelerators

F=¢eE +ev xB
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Chadwick apparatus 1 discovery of the neutron

Chadwick and Cockcroft,
At Daresbury 20t Oct 1966
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James Chadwick and Leslie Groves
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Rolf Wi d er biead s

Replica of original linac, at National Physical Laboratory
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Louis Alvarez .
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e Bunch Cloud

Alvarez structure
(with drift tubes)

1/20,000,000,000 second later
(notice how far the bunches have moved)
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Radiance from Halcyon

4 RADIANCE
FROM
HALCYON
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Round and round we go... Cyclotrons (protons
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Ernest O. Lawrence,
Milton Livingston
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6Lawrence got his Nobel Prize.
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Emilio Segre and the 37-inch cyclotron deflector foil
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0ln February 1937 | received a |l etter

containing more radioactive stuff. In particular, it
contained a molybdenum foil that had been part of the
cyclotron's deflector. | suspected at once that it might
contain element 43. The simple reason was that
deuteron bombardment of molybdenum should give
iIsotopes of element 43 through well-established nuclear
reactions. My sample, the molybdenum deflector lip,
had certainly been intensely bombarded with

deuterons, and | noted that one of its faces was much
more radioactive than the other. | then dissolved only
the material of the active face, in this way achieving a
first I mportant concentrat:.
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Glow from the 11-inch cyclotron
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Art hur Dooley: oSplitting t
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60-inch cyclotron

20 MeV, 1939

Science and
Technology
Facilities Council

Daresbury Laboratory




By 1948 they were already getting quite largeé
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O0Bi g Scienced0 and Ernest Law
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Henry Blosser i Superconducting Cyclotrons

- a u’ =3 I "

Science and
Technology
Facilities Council

Daresbury Laboratory




The Betatron (electrons) |

Oct. 11,1927, 1,645,304
J. SLEPIAN
X-RAY TUBE
Filed April 1, 1922 2 Sheets-Sheet 2
Fip 4

Slepian, 1922
Wideroe, 1928
Kerst, 1940

Fic. 14 Diagram of betatron magnet pole tips and vacuum chamber, showing orbit lo-

cation and the central core supplying flux linkage for acceleration. (From M. S. Livingston

and J. P. Blewett, ‘‘Particle Accelerators,” 1962. Reprinted by permission of McGraw-Hill
Book Company.)

Meanwhile, Kerst returned to the University of Illinois to build first an
80-MeV ‘‘model’’ (61) and ultimately a 300-MeV betatron (62) which was
the largest and probably the last of this line.

It seems clear that the complete stability theory of Kerst and Serber
and the careful and thorough magnet design calculations of Kerst were the
reason for Kerst’s success in the rapid development of the betatron. Or-

Science bital stability requires spatial focusing for particles which deviate in direc-

tion from the equilibrium orbit. Such stability will occur in a radially de-
Technol¢
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Electron Betatrons
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Electron FFAG, with Chandrasekhar and Bohr

Kerst proposed in 1956 to have colliding beams
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The earliest synchrotrons

Goward& Bar nes 0 ssymchraotrgni n al
(converted from betatron)
Woolwich Arsenal, London, 1946
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Bill Hansen and the 1 MeV Linac, 1947 (6 MeV)
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Proposed the cavity resonator
for acceleration
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Harry Kaplan Gordon Isaacs, 1957
Radiotherapy pioneer The first external-beam radiotherapy patient
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Phase stabilit ™
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Synchrophasotron, Dubna, 1957

Fig. 12. Birmingham synch ith i
TR ot i o e v am oo e 115t planned proton synchrotron
Facilities Council PR guERiTbId fnplase 1.3 GeV Birmingham, 1953
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Glasgow 350 MeV e- Synchrotron T 1stin Europe (1954)
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Synchrophasotron control room, Dubna
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The Bevatron (6 GeV): a Large Weak-Focusing Synchrotron (1954)
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Discovered the antiproton (Chamberlain, 1955)
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NIMROD (RAL, UK): p+, 7 GeV, 1960
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