Science Research Council

R

NORMAL MAXIMUM BEAM CONDITIONS

Mean Beam Current 4 LA
Extract Pulse Length 200 p.sec ) 600 psec
Repetition Rate : 50 c/sec. ) 25 c/sec
Energy 10, 30 and 50 MeV
Energy Resolution 200 KeV
POLARIZED BEAM CONDITIONS
Mean Beam Current 10° protons/sec
Beam Polarization 50%
n=} DOUBLE FOCUSING SPECTROMETER
Mean Particle Radius 40 inch
Scattering Angle Range 0° to 152°
Angular Resolution 2’ arc
Energy Resolution 80 KeV at 50 MeV

50 KeV at 30 MeV
(mostly Beam Transport Resolution)

The machine is scheduled for over 6,000 hours of operation each year and achieved in
1966, for example, 5,600 hours of experimental running-time with the beam on target.



The earliest of the accelerators at the Rutherford Laboratory was the Proton Linear Accelerator
which first operated in April 1960. This machine accelerates protons in a straight path unlike
cyclotrons, synchrotrons, etc., which accelerate protons in circular orbits.

The protons are produced in a radio-frequency ion-source from which they are extracted
and accelerated through the evacuated injector column to 0-56 MeV. They are then injected
into the first of three evacuated tanks, having a total length of 100’. Each tank consists of a
copper resonant cavity, excited at 200 Mc/s by pulsed R.F. power, which is enclosed in an
outer cylindrical steel vacuum envelope pumped to maintain a pressure below 10-® atmo-
spheres, in order to prevent scattering of the proton beam and avoid voltage breakdown in
the resonators. The injected 0-5 MeV protons are progressively increased in energy to 50 MeV
by being accelerated by the R.F. field as they pass the gaps between hollow cylindrical
electrodes spaced at intervals down the axis of each resonant cavity.

From the end of tank 3 the proton beam is transported to either of two experimental areas
along evacuated flight tubes, in which it is contained by focusing quadrupole magnetic lenses.
In each area a large bending magnet (weighing about 30 tons) is used to deflect the beam along
any one of a number of beam lines, on each of which a different nuclear physics experiment
can be set up.

Tank One




The P.L.A. 500 Kev Injector
(AJ 4135)

In full operation a mean proton current of 5 micro-amperes

(83X 10" protons/sec), corresponding to a peak pulse
current of 0-5 milliamperes has been exceeded and present
development work will improve this figure. Careful
attention has been paid to stabilization of mean energy,
which remains accurately constant over long periods, an
important factor in nuclear research.

The machine provides experimental facilities for physi-
cists, from the Universities and the Science Research
Council, to carry out experiments on nuclear structure and
nuclear reactions. Further support is given, by the
Rutherford Laboratory, in providing design, manufacture
and installation of experimental equipment.

Many improvements have been made to the P.L.A. since
its first operation, in particular a Polarized Proton lon-
source, a Double Focusing Spectrometer, and Time of
Flight apparatus have been installed. The polarized
proton ion source enables a beam of protons, in which the
proton spin directions are selected to be predominantly
in either the vertical, transverse, or longitudinal direction,
in contrast to an unpolarized beam in which the proton
spins are randomly oriented. Time of flight apparatus
enables very accurate energy measurements to be made
of neutron spectra from a wide range of elements bom-
barded by protons. By radio-frequency deflection of the
proton beam before the first accelerating tank of the
P.L.A., bursts of protons less than 1 nsec wide (10-°
seconds) and spaced by 180 or 360 nsec can be obtained
at the target. Flight paths of 10 or 6 metres can be used
and measurements made at angles between 0° and 85° in
5° steps with an overall time resolution of better than
1.5 nsec. Another precise device used to measure the
energies of charged particles is the Double Focusing
Spectrometer.

Experimental Area showing
Bending Magnet and Beam

Lines
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Double Focusing Spec-

trometer (AJ 4138)

A higher energy resolution is obtained in the beam incident upon the target, than that given
by the P.L.A., by the use of a combination of slit-apertures and a bending magnet to select
a range of energies. Many detector and particle identification systems have been used
consisting of solid-state counters, scintillation counters, and acoustic spark chambers.
This spectrometer has proved very valuable and is now used for nearly half of the available
machine time by several teams of experimenters.

A Typical Scattering
Chamber showing Tar-
gets and Detectors
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