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The progress in the design of a proton driver front end test stand at the Rutherford Appleton Laboratory (RAL) in
the UK is presented. The aim of the test stand is to demonstrate the availability of well chopped H™ beams suitable

for future high power proton accelerators.
1. Introduction

High power (MW range) proton accelerators,
have many applications, including drivers for
spallation neutron sources, neutrino factories,
transmuters (for transmuting long-lived nuclear
waste products), energy amplifiers and tritium
production facilities. For the short pulse operation
necessary for neutron spallation sources and
neutrino factory drivers, only much lower beam
powers have been used so far (0.08MW for PSR and
0.16MW for ISIS) [1]. Both machines use H-
injection to accumulate intense short bunches and
need an increase of at least a factor of 30 to reach
the goal of SMW for future high power proton
accelerators (HPPAs). In order to contribute to the
development of HPPAs, to prepare the way for ISIS
upgrades and to contribute to the UK design effort
on neutrino factories [2], a front end test stand
covering a variety of beam current and pulsed
distribution regimes is being constructed at the
Rutherford Appleton Laboratory (RAL) in the UK.

2. Front End Test Stand

The aim of the RAL front end test stand is to
demonstrate the production of a 60 mA, 2 ms, 50
pps chopped beam. The test stand is made up of
several main elements: A 60mA H™ ion source, a low
energy beam transport (LEBT) to match the beam
from the ion source into the RFQ, a RFQ for
bunching the beam and accelerating it to 3 MeV, a
beam chopper and a medium energy beam transport
(MEBT) section and a set of beam diagnostics. The
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RFQ requires 1-2 MW of RF power. The resonant
frequency of the RFQ was chosen to be 324 MHz
because of the availability of a klystron from
Toshiba at this frequency. The schematic set up of
the test stand is shown in figure 1. Each of the main
elements as envisaged at present will now be
described briefly.

2.1. H ion source

The ion source development program, based on
the highly successful ISIS H™ ion source at RAL [3],
has already showed encouraging results.
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Fig. 1: Schematic drawing of the layout of the RAL
front end test stand in R8 at RAL.

The intention is to increase the extracted H ion
current from 35mA to 70mA and to increase the
pulse length from 250us to 2 ms. After re-
engineering the source on the basis of results from
detailed electromagnetic [4] and thermal [5]
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modelling and upgrading the discharge power
supply, the required ion current has already been
extracted from the source (as shown in figure 2).
The pulse length of the discharge has been increased
by a factor of 4. Further improvements including an
upgrade of the extraction voltage and improvement
of the beam extraction will follow. The work is part
funded by the European Union [6].
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Fig. 2: Arc and extracted beam current as a function
of time, measured at the ISIS ion source
development rig.

2.2. LEBT

The LEBT will be based on the three-solenoid
design of the test stand previously built and operated
at RAL to test the RFQ3. The solenoids will
incorporate built-in Lambertson dipoles for beam
steering. The LEBT will be designed to produce a
good vacuum which is essential to minimise
stripping losses of the H™ beam. The particle
dynamic design of the LEBT using the measured ion
source output emittance as the initial particle
distribution is nearly finished and experiments to
measure the degree of space charge compensation as
a function of time are in preparation.

2.3. RFQ

The input and output energies of the RFQ are 75
keV and 3MeV respectively, and the frequency is
324MHz. The modelling of the focussing, bunching
and acceleration of the beam through the RFQ is
under way as well as the modelling of the
electromagnetic properties of a 4-vane and a 4-rod
structure. The construction of two cold models is in
preparation as well as investigations on the
manufacturing process. Measurements of the RF
properties of the cold models will start in the
beginning of 2006.

Fig. 3: Models of a 4-vane (left) and 4-rod (right)
RFQ. Numerical calculations of the electromagnetic
properties of these structures using Mafia, MWS and
Superfish have already started.

2.4. Beam Chopper

The bunched beam from the RFQ will be
matched into a 3MeV MEBT line consisting of a
series of quadrupoles, RF cavities, and a fast beam
chopper (see figure 4). The optical design of the
MEBT will ensure that emittance growth is
minimized. In the presented layout, the efficiency of
the beam chopper is enhanced by a defocusing
quadrupole in the deflecting plane between the
chopper and beam dump.
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Fig. 4: Schematic layout of the MEBT line with
beam chopper.

The chopper design, based on a proposal [7] for
the ESS, addresses the challenging requirement for a
fast (~2 ns) field transition time, combined with a
long (~0.1 ms) chopped beam duration. The chopper
will consist of two consecutive chopping
mechanisms. The first has a fast transition time (~2
ns) but short duration (~12 ns), with a distributed
element (transmission line) electrode. This is
followed a lumped element electrode chopper that
has a slower transition time (~12 ns) but long
duration (~0.1 ms). The fast structure will pre-chop
just three bunches at the beginning and end of each
chopped beam interval, and will ensure that no
partially chopped bunches result from the slower
transition time of the slow structure. A prototype of
the fast pulse generator has recently been
demonstrated [8, 9] and the results are shown in
figure 5.
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Fig. 5: Measured output voltage of the fast pulse
generator as a function of time.

3. Summary

The progress on the front end test stand work at
RAL to contribute to the development of high power
proton accelerators has been described. Design and
development work is well under way, with first
beam through the LEBT planned for 2007.
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