A brief history of
Particle Accelerators

and Future
By Nawin Juntong
4 March 2014



Jobw Cachcrom and
Eimest Waon imvert

e, The ot b s ebewnn €1
e

Wand e oo b
Camn g deveiegn e come ey Agrens Arsempen -l
arnd Ok M in 1935

Rkt Van e Gt v the Van e
o Urenss, 1

i Lancerm s e

ey

Emest Courant
Uivingston and Hartland

Uvermore National Laboratory

Collider
AdA. the first ebectron. positron collide, s built
at Frascat, Raly. s followed by two electron-
electron colliders: Princeton - Stanord Collider
in the U.S. and VEP-1 in Russia, leading 1o

3 continuing, evolution of electron positron
colliders and factories around the workl

T P—L
—
The fist two proton synchrotrons using song
75 at CERN and AGS at BNL — are

bt carles in 1954 at Comell

Electron coolin

Gersh Budker imvents elecron in the SPpS in 1981 at CERN Jead 10 the
beam cooling at the Institge for discovery of the Z and W bosoms.
Nuclear Physics In Russia

Large proton-proton
collider begins
operation 2t CERN

st collid:

SLC, the first finear collider proposed
by Burton Richter, s bult 2t SUAC
The linear collider concept
developed

by Maury Tigne in 1965,
fort RFQ i buil in 1972
at the Institute of Hogh

Physics n Russia o\, i l

ise and fall

Construction of the Superconducting Supe Coliader

d planned 10 be the Largest accelerator in the workd
begins in 1989, The project s canceled by the U.S.

FEL Congress in 199).

Johe Madey imvents and builds the fint

e edectron Lases at Sarord Unversty

FLASH. the it VUV and st »cay
e electron Lawr vmer Lac 3
buikt 2 DESY in Gesmany.




1906

1911

1913

1919

é .

Rut herford

DC acceleration

Rutherford bombards mica sheet with natural
alphas and develops the theory of atomic
scattering. Natural alpha particles of several
MeV

Rutherford publishes theory of atomic
structure

Franck and Hertz excited electron shells by
electron bombardment (proved Niels Bohr's
theory, Nobel prize 1925 for their discovery of
the laws governing the impact of an electron
upon an atom). Wimshurst-type machines

Rutherford induces a nuclear reaction with
natural alphas

beli eves he

to continue research on the nucleus. This is far beyond

t he
1928

1928

1932

el ectrostatic machi nes

Gamov predicts tunneling and perhaps 500
keVwoul d sufficeé.

Cockcroft and Walton start designing an 800
kV generator encouraged by Rutherford

Generator reaches 700 kV and Cockcroft and
Walton split lithium atom with only 400 keV
protons. They received the Nobel prize in
1951 for their pioneer work on the
transmutation of atomic nuclei by artificially
accelerated atomic particles

1928

1929

1931

1932

Resonant acceleration

1927
Wideroe demonstrates | s i prigdipke with
1 MHz, 25 kV oscillator to make 50 keV
potassium ions.
o _ _ 1940
Lawrence, inspired by Wideroe and Ising,
conceives the cyclotron.
1950

Livingston demonstrates the cyclotron by
accelerating hydrogen ions to 80 keV.

Lawrenceds cyclotron
protons and he also splits the atom just a
few weeks after Cockcroft and Walton
(Lawrence received the Nobel prize in 1939
for the invention and development of the
cyclotron and for results obtained with it,
especially with regard to artificial

radioactive elements)

P.J. Bryant, A brief history and revi
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Betatron mechanis

Later in Aachen, Wideroe make a model
betatron , but it does not work. Discouraged
he changes course and builds the linear
acceleration mentioned in Table 2.

Kerst re-invents the betatron and builds the
first working machine for 2.2 MeV electrons.

wbhetatdord @ s

Kerstbui |l ds t he

300 MeV.
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Ernest Rutherford discovers the nuclear disintegration by
bombarding nitrogen with alpha particles from natural

radi oactive substances
supplyd of particles
natural sources. The particle accelerator era is born.
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Rutherford's transmutation apparatus
Hunterian Museum & Art Gallery collections, catalogue number GLAHM 113583

~V/RESERVE BANK OF

mor e

- 2 SR In this equipment, nitrogen atoms
: were converted into oxygen

NEW ZEALAND

Dokt

frres ) luthertzrd o s

the ruciear dsintegy anon by
ATt A omen willh 24Y
particles from natural radhoactive
substances. Later he calls for “a
COpwonsS supply” Of part les more

energet than those from natural
sources. The particle accelerator eva
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atoms, when in collision with
alpha particles from a source in
inside the horizontal enclosed
tube. Protons ejected by nitrogen
when forming oxygen were
detected at the rectangular
window at the end of the tube

FATHER OF MODERN NUCLEAR PHYSICS

B Ernest Rutherford's booming voice
was said by colleagues to be three
times louder than most. A tall man, he
was also notoriously clumsy

B During World War |, he joined the
Admiralty Board of Invention and
Research and devised ways to spot
submarines with underwater (7
signals and microphones r

W A team under him was first
to split the atom - paving the
way for the Manhattan Project
and the atomic bomb

B Rutherford once declared: ‘In
science thereis only
physics - all the restis
stamp collecting.’

W WBRS o Hewas buried next to lsaac

W The physicist is @ hero in his native Ne
Zealand and his face appears on the
country’s $100 note and some stamps

B Knighted in 1914 and made a peerin
1931, he chose acoat ofarms including a
kiwi bird, a Maori warrior and
: \ Hermes Trismegistus, the patron
. saint of knowledge and alchemists

{ M Hedied atthe age of 66 after
delays in operating on a hernia.

Y Newton at Westminster Abbey
¢ andiswidely seen as the father of
modem nuclear physics

W The chemical element

rutherfordiumis named
after him




Rut herfordodos st at e meVi
Royal Soclety (1927)

. Afew years later in 1927 Rutherford, in his presidential address to the Royal Society, made a strong
request for higher energy nuclear probes.

u 0 It has |l ong been my ambition to have aviai
which have an individual energy far transce
bodies. | am hopeful that I may yet have my wish fulfilled 0

v Rutherforddos statement became a ¢ h aadcceleratogse t

v Arace for higher energy particle accelerators involved an early competition between electrostatic
machines, but electric breakdown was a fundamental limitation to high voltages |

v Meanwhile, it had already been realized by a few that another solution that avoided very high
voltages was to use time-dependent accelerating fields .



1924 - Gustav Ising published an linear

accelerator concept

u

Gustav Ising (1924) published an
accelerator concept with voltage waves
propagating from a spark discharge to an
array of drift tubes

Voltage pulses arriving sequentially at the
drift tubes produce accelerating fields in
the sequence of gaps.

But Ising was unable to demonstrate the
concept.

Entladangs
ranm

Fig. 2.13
Ising's proposal for a linear particle accelerator. The high-frequency field is
supplied by a discharge across the spark gap F; K is the cathode; a; . &y . a3 .
connections to the drift tubes. Ising, Kosmos, 11 (1933), 171.



1927 - Rolf Wideroe , Norwegian graduate student at Aachen
University discovered | s i t©9@%Hpsiblication in the university
library

1928 - Four year after | s i nogog, Rolf Wideroe builds the
worl ddés f i r s-tmlbng glasstubé in Aaehan, GeBnany.

Wideroe simplified | s i nogceém by replacing the spark gap with
an ac oscillator

For his PhD thesis Wideroe built and demonstrated a simple
linac, which had one drift tube between two accelerating gaps

Casstav sing e welops the concept
of a linear particle ac clerator
linac). Four years Later, Roll
Widere builds the world's firsd
linac in an 88-cm long glass tube In

Aachen. Germany
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Wideroe applied a 25-KV, 1 MHz AC voltageto the drift tube
between two grounded electrodes. The beam experienced an
accelerating voltage in both gaps .

lon
source

He accelerated Na and K beams to 50 keV kinetic energy
equal to twice the applied voltage.

This is not possible using electrostatic voltages

oMy Il ittle machine was a pr.i
accelerator which today 1 s ¢
| must now emphasize one important detail . The drift tube
was the first accelerating system which had earthed
potential on both sides | .e. at both the
exit, and was still able to accelerate the particles exactly as

I f a strong el ect ORotf Wideroel d wa
(FromoThe I nfancy of Particle Acd\dereed at dr sWakdthelb)e a

mi
a




Robert Van de Graaff invents the Van de Graaff generator at
Princeton University. He also constructs the first tandem \ Robert Van de Graaff invents the Van de

. . . ; - Craah wator a1 Princeton Unversity. He
accelerator (two generators in series) in 1959 at Chalk River. .» o ehipesrabe - -makk

WO generatons in senies) in 1959 at Chalk
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Fig. 3 Two-stage Tandem accelerator



Ermest Lawrence invents

the ovclotron At the

- '

University of Caldorma, ; -

Berkeley. He and has Y z

sudent Staniey Livingsion B 5

Inspired by Rolf Wideroe's linac in a vacuum tube, Ernest build a cyclorononlv4 | :
Lawrence invents the cyclotron at the University of inches in diameter. >

California, Berkeley. He and his student Stanley
Livingston build a cyclotron only 4 inches in diameter.
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1932-L a wr e reyxleti@rs produces 1.25 MeV protons
and he also splits the atom just a few weeks after
Cockcroft and Walton
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