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Electrostatic accelerator

The very simplest linac is just a potential difference between
two electrodes:
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Cockcroft-Walton Accelerator

The first successful accelerator was a simple electrostatic gap driven by a voltage multiplier from
which it takes its name.
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Van de Graaff accelerator

The C-W circuit becomes inefficient above a certain practical limit. A Van de Graaff generator
can produce larger voltages but at the cost of mechanical complexity.
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RF Linacs

The tandem Van de Graaff accelerator has two desirable features which lead on to
the development of RF linacs:

AThe accelerating potential is used more than once.
ABoth the particle source and the Otargeto ar

In the tandem V de G the particle charge is inverted in the HV terminal to utilise the
same electric field in both directions. This is not always possible or desirable.

An alternative method first proposed by Ising (1924) and realised by Widerde (1928)
IS to change the potential of the HV terminal while the particles are within it.
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The Widerde Linac
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The Widerde Linac
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The Widerde Linac

The distance between successive gaps is related to the RF wavelength.

For relativistic particles high frequencies are needed:
f=1MHz,| =300m

f=100MHz,| =3m

f=10GHz,| =30mm

Apracticallinacusi ng thi s principle needs RF power af
after World War Il that such RF power sources were available having been developed for

radar and other systems.

At these higher frequencies Wider® e &tsicture with connected drift tubes becomes difficult

to drive and inefficient in power. A variation using resonant RF cavities, due to Alvarez

(1947), is the method used i in a wide range of guises - in virtually all RF linear

accelerators today.
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The Alvarez Linac

The first RF proton
Linac is built at
Berkeley in 1947.
30 MeV
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AERE Harwell

What is today the Harwell Campus started life as RAF Harwell in 1937.

In the Second World War the first British forces to land in continental Europe
on D-Day left from RAF Harwell on 5" June 1944.
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A Horsa glider leaving RAF
Harwell for Normandy.
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AERE Harwell

Foll owing the second world war Har wel |
Research Establishment in 1946. Although this included civil use, at this time
OAt omi ¢ Energyo6 primarily meant t he UK(¢
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AERE Harwell

In 1951 all work on the nuclear deterrent was moved to the Atomic Weapons
Establishment in Aldermaston. Harwell continued work on atomic power and
high energy physics.
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The Proton Linear Accelerator (PLA) Is born

In 1952 the decision was taken to proceed with a design study for a 500 MeV
proton linac for nuclear research.

Atomic Energy Research Establishment,

£

N, . - -
k. W. D. =
Berkshire, -
England. 19FEB 352

BY AIR MAIL 18th February, 1952

File No.....'f[./.’/.’:ll-
Professor Luis Alvarez,

The Radiation Laboratory, ’
University of California, b
Berkeley,

California.

Dear Alvares,

During the past few months we have given some thought to the question of
another particle accelerator at Harwell for nuclear research work.

Unfortunately our 110" cyclotron is of no use as a source of mesons, This being
80 we have turned our attention to the possibility of a proton linear accelerator
of about 450 MeV energy and feel such an instrument would be very wvaluable if it
oould be built to give an accelerated mean beam current of one microampere. With
this in mind we have been studying the published information on your machine and T
would greatly appreciate hearing your views upon the practicability of building an
instrument to meet our requirements.
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Extract frqn Mimutes of the Sixth Meeting of
(A.E.B,(52)6th Meeting) held on 31st July,

"8.

the Atomic Energy Board
1952 at the Cabinet Office.

High Energy Particle Accelerator (A.E,.B,(52)23)

The Board considered this paper by Sir John Cockerof't cutlining
proposals for the development of a proton linear accelerator for
500 MeV with a mean beam current of one microampere,

The Board agreed that A,E.R.E, should continue to study this
project with a view to producing a feasibility and cost report."




The PLA design study

Between 1953 and 1957 a
series of internal design
studies by AERE and
external studies by the
Metropolitan-Vickers
Electrical Company were
conducted.

In 1953 strong
focussing by
alternating gradient
guadrupoles was still
guite a new idea.
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AERE design study

A lot of this stuff was very
new and had to worked

through from first principles
by hand.
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AERE design study
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AERE design study
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In 1955 they were already
talking about a 50 MeV linac
Instead of the full 500 MeV.
Budget constraints and
changing priorities are
nothing new.

Plus ca change, plus c'est la
méme chose.



AERE design study

But they
given up on
going to higher
energies.

The
fundamentals of
much of what we
do today when
designing linacs
can be found in
these reports.

Science and
Technology
Facilities Council

ISIS Neutron and
Muon Source




AERE design study
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AERE design study

Despite being almost 70
years ago, all the elements
of a modern design study
can be found here.
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Metropolitan-Vickers design study

In parallel to the basic
physics studies carried out
at AERE, studies into how to
actually build the linac were
carried out by industry.
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Metropolitan-Vickers design study

olved by the computer is

ARThe computer
originally designed for
computations of particle
trajectories in travelling-
wave accelerators. A full
description will be given in a
future report.

Modifications were made to
enable it to be used for the
calculations required for the
proton accelerator, which
uses a resonant structure.
Only part of the computer
was needed to obtain the
results given in this report,
and a block diagram is
shown in Fig.
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Metropolitan-Vickers design study
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Metropolitan-Vickers design stud




Metropolitan-Vickers desi

Previously crude grid focussing

had been used. To achieve strong
AG focussing required electro-
magnets and It wq
such things could even be made

to work.




Metropolitan-Vickers design study
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The PLA arrives at AERE
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The PLA arrives at AERE
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The PLA at AERE
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The PLA at AERE
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The Rutherford High Enerqgy Laboratory

In 1957 the Rutherford High Energy Laboratory (RHEL), operated by the
National Institute for Research in Nuclear Science (NIRNS), was created to take
over the high energy physics activities of AERE. Harwell continued its atomic
energy research under the auspices of the United Kingdom Atomic Energy

Authority (UKAEA).

John Cockcroft breaking
ground on the new RHEL

site.
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The PLA at RHEL
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The PLA at RHEL
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The PLA at RHEL

The PLA was operated for nuclear physics experiments until 1969.
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The NIMROD synchrotron

As well as the PLA, RHEL was responsible for constructing the Nimrod 7 GeV
synchrotron. Construction started in 1957 with first beam in 1964.
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The NIMROD synchrotron

Nimrod was a weak focussing synchrotron which ultimately limited its
performance.
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