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Introduction

The National Institute for Research in Nuclear Science was formed in 1957 to provide
facilities for research into high energy physics which would be available for common
use by universities and similar institutions. The Rutherford High Energy Laboratory
is the first establishment of the National Institute to be completed. Situated at
Chilton and occupying a site of some 75 acres, the Laboratory is intended to carry
out research into the physics of the nucleus, and the structure and interactions of
elementary particles. The main equipment of the Laboratory consists of two proton
accelerators: a 50 million electron volt (MeV) proton linear accelerator (P.L.A.) and a
7000 million electron volt proton synchrotron (NIMROD). The Laboratory also
contains the necessary supporting facilities for conducting experimental work and
can assist in the design, manufacture and installation of experimental equipment to
user requirements.

The 50 MeV P.L.A. was the first accelerator at the Laboratory to become operational.
It was designed by the United Kingdom Atomic Energy Authority, handed over to the
Institute in 1959 and has been scheduled for experimental use since 1960. mxomE
for maintenance periods, the machine is in operation 24 hours a day.

The P.L.A. is about 100 ft long; it consists of three cylindrical resonant cavities,
placed end to end, into which pulses of protons are injected at 500 keV from a d.c.
gun and accelerated successively to energies of 10, 30 and 50 MeV. Each resonator
is contained in an evacuated tank and is excited into resonance at 200 Mc/s by a pulsed
radio frequency power supply. A series of hollow cylindrical electrodes, known as
drift tubes, are spaced at intervals down the axis of the resonator and it is in the gaps
between successive drift tubes that the acceleration occurs.

There are no extraction problems since the beam emerges directly from the end
of the machine and passes through concrete shielding walls into the 7000 sq. ft
experimental areas. Maximum efficiency in the use of the machine is gained by the
provision of bending magnets which deflect the proton beam in a number of alterna-
tive directions, thus enabling many sets of experimental apparatus to be set up and
left undisturbed.

Each beam pulse lasts 200 microseconds and the repetition rate is 50 pulses
per second. In addition to performing experiments with 50 MeV protons, the
machine has been designed so that 30 and 10 MeV protons can be used. Itis also
possible to accelerate protons with their axes of spin substantially aligned in a given
direction; such ‘polarized' beams enable the spin-dependent features of the
complicated proton-nucleon and proton-nucleus interaction to be explored in more
detail.

The unpolarized external proton current obtainable (typically 3 .A mean: 1-8x10"*
protons/second) is many times greater than had been available previously with other
accelerators in this energy range. Furthermore, the beam is well collimated and has
a well-defined energy, giving the high resolution required in precise measurements.
Should there be sufficient nuclear physics demand for beams of higher energy, the
P.L.A. could be extended at any time by the addition of further sections.

The growing number of successfully completed experiments is evident from the
many papers which have already been published by the participating scientists and
by more than a dozen higher degrees which have now been awarded to members
of the various experimental teams.
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Left " Injector room, with polar-
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gun in background.
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Injector

The injector comprises a source of protons (either a r.f. ion source or a
polarized proton source) and a 500 kV d.c. gun, which provides the initial
acceleration. A Cockcroft-Walton generator supplies this voltage, which is
fed to the ion source end of the accelerating column via a smoothing stack
and a high-voltage platform containing the power supplies and controls for
the ion source and focusing electrodes. The unpolarized source consists of
a Pyrex tube, inside which a discharge is maintained in hydrogen gas, at a
pressure of 30 microns, by a 20 Mc/s r.f. field. The molecular hydrogen is
dissociated into atomic hydrogen and subsequently ionized to produce pro-
tons, which are extracted from the discharge in the form of a beam by applying
a high-voltage pulse (~~7 kV) to a suitable electrode. The accelerating column
has a uniform potential gradient produced by a large number of intermediate
electrodes and an external potential divider. The column is supported as a
cantilever from the earthy end and it can be adjusted in position by remote
control to align the beam to the axis of the main sections of the machine.

Buncher

Less than one-quarter of a continuous proton beam can be accepted for
stable acceleration in tank 1. The buncher provides a means whereby many
more protons can be made to arrive at the entrance to tank 1 at the most
favourable times foracceleration and can consequently increase the accelerated
beam intensity by a factor of nearly 3. It consists of a single gap r.f. cavity
(located between the injector and tank 1) which is supplied with the requisite
amplitude and phase of r.f. power from tank 1. The protons are velocity
modulated in the buncher and, after traversing a drift space, they become
grouped in bunches around the acceptance phase range of tank 1. The lower
diagram shows the density distribution of protons in the beam between the
buncher and tank 1 at a given instant of time.




In many nuclear physics experiments particle velocity measure-
ment by the time of flight method is desirable but the normal time
spacing (t=5%10-*second) of the fine structure bunches in the P.L.A,
beam is too short. A r.f. electric field deflection system has been
provided between the injector and the buncher to produce longer
time intervals between bunches by deflecting the 500 keV proton
beam across an aperture before injection into tank 1. The fre-
quencies of the deflecting voltages available are sub-harmonics of
2025 Mc/s and their phases are locked to that of the r.f. power in
tank 1 so that the deflection process, in effect, allows only every nth
bunch of the normal proton beam to be accelerated. The bunch
separation time is thus increased to n x t, where n can be 3, 6, 9, 18
or 36.

Polarized Proton
Source

Since nuclear forces are known to be spin dependent, the produc-
tion of a comparatively intense, strongly polarized, proton beam by
the P.L.A. is a very useful facility. A special source provides the
polarized proton beam for injection into the machine. The direction
of polarization is controllable and is maintained throughout the
acceleration. The P.P.S. uses the strong, non-uniform, field of a
sextupole magnet to separate positive and negative magnetic
moment atoms of hydrogen produced in a r.f. discharge dissociator.
The negative magnetic moment atomic beam is ionized by electron

General view of polarized proton source assembly
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Tank One

The three main sections of the P.L.A. are very similar in
design. Thus, tank 1 has a steel vacuum vessel (the top of
which may be removed) containing a 4 ft 6 in diameter cylin-
drical copper resonator (also with a removable lid) which is
independently supported from the foundations by pillars pass-
ing through holes in the vacuum envelope (metallic bellows
complete the vacuum seal). Forty-one drift tubes, mounted
on twin radial stems, are spaced along the axis of the reson-
ator. Both resonator and drift tubes are water cooled, the
temperature being stabilized at 38° C (100° F). The very high Q
(~~80,000) resonator is maintained on tune by automatic con-
trol of tuner plates.

(NOTE. Alternate drift tubes are omitted in the illustration
above).

Drift Tubes

Proceeding along the machine each drift tube (D.T.) is made
slightly longer than, and is spaced a little further away from,
the previous one so that the accelerating electric fields in the
gaps between the D.T.'s are synchronized with the increasing
velocity of the protons.

Tank 1 D.T.'s are fitted with grids, which produce a weak
focusing effect, while in tanks 2 and 3 the D.T.'s contain
quadrupole electromagnets, which produce a strong focusing
effect (by the principle of alternating gradient focusing).
D.T. alignment, which is particularly important in tanks 2 and 3,
is carried out optically.
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Vacuum System

In order to avoid r.f. breakdown, beam scattering and beam

energy loss it is necessary to provide a vacuum of about
5x10°° torr in the main tanks and buncher. Oil diffusion
pumps (fitted with refrigerated chevron baffles) are used
throughout; two 20 in. pumps are provided on the 20 ft long
tank 1 and four pumps on each of the 40 ft long tanks 2 and 3.
The buncher has a 6 in. pump, while the injector has two 16 in.
ones, which are required to handle the large throughput of

gas from the ion source. One mechanical backing (and
roughing) pump is provided for each pair of diffusion pumps
The whole system is fully interlocked and automatic
operation.

Separate pumping equipment is provided for the beam pipes
and a high-speed shut-off valve protects the main machine
from the effects of any catastrophic vacuum failure in the
beam pipe system.
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R.F. System

A very high-power pulsed r.f. signal (400 p.s pulses, 50
pulses/second) must be fed into each of the main resonators.
The total power of 3:2 MW is generated in five demountable
grounded grid triode (6.G.T.) valves. One valve feeds tank 1,
while two in parallel are required to feed each of tanks 2 and 3.
All are driven by a common drive chain, starting from a 2'5
Mc/s crystal-controlled oscillator, the output of which is multi-
plied in frequency to 202:5 Mc/s and amplified in power level
to 65 kW (under pulsed conditions at the higher power levels).
Finally, one more G.G.T. valve raises the peak power level to
600 kW. The drive power is distributed to the final amplifiers
by a complex network of 50 ohm coaxial lines. The outputs
of the parallel valves on tanks 2 and 3 are similarly combined
in coaxial line bridge circuits. Each tank is fed through a
coaxial line vacuum windowto a coupling loopin the resonator.



Grounded Grid Triode Valve
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When the P.L.A. was designed, no valves were available
commercially to work at a frequency of 200 Mc/s and give
up to 1 MW (peak) pulsed r.f. power with a 2% duty cycle.
Consequently, the demountable grounded grid triode
valve shown above was specially developed for this appli-
cation. The design is unconventional, with a central
anode and an external cylindrical cathode formed by sixty-
four directly heated, carburized thoriated tungsten rods.
The high operating frequency necessitates using input and
output circuits in the form of ‘built-in’ folded coaxial
resonant lines. The valve is evacuated continuously by a
getter-ion pump and is water cooled.
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Use in Research .

The Nuclear Physics experiments can be divided into two broad
classes. The first: scattering experiments in which a suitable tar-
get is bombarded by a beam of polarized or unpolarized protons.
By measuring the numbers of particles scattered through various
angles, information can be obtained about the force between the proton
and the target nucleus. For example, by bombarding a liquid hydrogen
target, data about the force between two protons can be obtained.
The nature of this force is so complex that many different, high-pre-
cision, experiments are required. In one experiment the absolute
scattering cross-section was measured with an error less than 1%.
With an incident beam of polarized protons the asymmetries in the
scattering were measured to elucidate the way in which the force
aoum.:gw on the spin of the proton. The accuracy was greatly improved
due to the availability of the P.L.A. polarized proton source. Other
experiments determine the ‘ rotation parameters ' which describe how
the spin direction is changed by scattering. The same measurements
are also made with more complicated targets than the protons of liquid
hydrogen, usually separated isotopes.

The second class of experiments is concerned with nuclear reactions.
50 MeV protons overcome the electrostatic repulsion from the charge
of even the heaviest of nuclei and nuclear reactions can take place
ranging in complexity from emission of a single neutron to almost
complete disintegration. To understand what happens in such re-
actions, it is at present necessary to confine attention to the simpler
cases and have instruments which identify the different emitted radia-
tions (y rays, neutrons, the hydrogen and helium isotopes) and measure
their energies. Detectors currently in use include sodium iodide and
plastic scintillation counters, solid state counters, sonic spark
chambers, and a high-resolution double-focusing magnetic spectro-
meter. The customary pulse height analysis and coincidence tech-
niques are much used. Time of flight methods, which take advantage
of the very short duration of proton bursts, have been developed for
measurement of neutron energy and for particle identification. In cases
where more than one product from a single nuclear reaction is studied,
data-handling equipments capable of analysis into several thousand
channels are used. Nuclear chemistry has been useful too.

Details of all the experiments currently proceeding on the P.L.A.,
together with lists of reports and publications, can be found in the
Annual Progress Reports of the P.L.A. group.



Users

Over fifty experimental nuclear
physicists and chemists, grouped into
nearly a score of separate teams, have
already carried out experiments
employing the P.L.A.; the majority are
from univer: s, but included are two
resident R.H.E.L. teams and one from
A.E.R.E. O<m_.mom\m visitors have come
from Canada, the U.S.A. and Poland to
use the P.L.A. Many of the experiments
are carried out as joint projects between
the visiting and resident groups.

The following institutions have been the
major users during the first 4 years of
operation:—

A.E.R.E. (Nuclear Physics Division)

Birmingham University (Physics Dept.)

Kings College, London (Physics Dept.)

Oxford University (Nuclear Physics and

Chemistry Depts.)

Queen Mary College, London (Physics

Dept.)

The Queen's University, Belfast

(Physics Dept.)

R.H.E.L.

University College, London (Physics

Dept.)

Westfield College, London (Physics

Dept.)

The double-f i ic spectrometer
during i llation in the experi larea. The
magnet be used to measure the energies of

charged particles emitted in nuclear reactions.
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