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Abstract. In this paper we present some activities of the International Institute for
Accelerator Applications (IIAA), hosted by University of Huddersfield, which is the
UK’s first institute aiming to bring together research in accelerator physics and
engineering for the new societal demands. Topics, being studied at the Institute, include
isotope production using low energy beams, production of fast neutron beams for
neutron therapy, and development of novel proton and light ion accelerators for cancer
therapy. In this area we are investigating the possible uses of the ns-FFAG machine,
and led the team that built EMMA, the first prototype, which operated successfully in
2011.
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1. INTRODUCTION
IIAA is a new institution, being founded in 2011 at the initiative of Professor
Bob Cywinski, who has played a significant role in development and promotion of
the European Spallation Source project. Prof. Cywinski has been Chairman of the
European Neutron Scattering Association (ENSA) and President of the
International Society for Muon Spectroscopy.
Today, the head of the institute is Professor Roger Barlow who founded the
Cockcroft Institute, was the PI of the CONFORM project that led the successful
operation of EMMA and is currently involved in many research activities with
LHCb, proton therapy, ADSR and Thorium power generation.
*
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2. PROJECTS AT IIAA
At our institute, a team of researchers works, in collaboration with other
institutions and universities, on a wide range of projects including proton therapy,
ns-FFAG and ADSRs.
2.1. BORON NEUTRON CAPTURE THERAPY OF CANCER (BNCT)
Boron Neutron Capture Therapy (BNCT) is a developing two stage form of
radiation cancer therapy for head and neck glioblastoma. Boron Neutron Capture
Therapy of cancer is based on the very facile capture of a thermal neutron by the
the 10B nucleus. This nuclear fission reaction produces (Fig. 1) both 4He and 7Li+
nuclei along with about 2.4 MeV of kinetic energy and weak gamma-radiation [1].

Fig. 1 – The Boron Neutron Capture Reaction.

In the first stage, the patient is injected with a boron enhanced drug which is
readily taken up by tumour tissue.
The next stage of the treatment (Fig. 2) is the external radiotherapy with low
energy neutrons [2, 3].
This makes it less likely that the neutrons will cause damage. Unfortunately,
there have been reports of damage being caused by the boron in the brain. This was
an unexpected complication and more research needs to be done to confirm or deny
this.
There are no trials for patients going on in the UK at the moment. BNCT
research is going on here, but it is still at the pre-clinical (laboratory) stage.
Hopefully, this will lead to an early phase clinical trial soon [4].
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Fig. 2 – A schematic diagram for BNCT application.

2.2. GEANT4 MONTE CARLO SIMULATION
This study is a part of a proposal to establish a BNCT facility at University of
Birmingham. Facility is based on a high current (10 mA) but low energy 2.5-3
MeV accelerator. The aim of this project is to irradiate the boron containing tumour
with thermal neutron.
The neutrons are captured according to equation (1):
10

B+n→7Li+4He.

(1)

The patient is injected with boron that is quickly absorbed by the tumour. The
proton beam hits a lithium target and produce neutrons and weak gamma radiation.
The neutrons come out with a energy of 1 MeV so they need to be moderated with
fluental (neutron moderator material) to produce the thermal neutrons (0.025 eV)
which are used to treat brain tumors. The healthy tissue is spared if the boron is
located within the tumour.
We have used Monte Carlo simulations to create a schematic diagram of the
basic design concept that was used for BNCT facility at Univeristy of Birmingham
(Fig. 3).
The experimental results demonstate that the initial benchmarking shows
reasonable correlation with the simulation results. With some modifications, we
believe that the same simulation can be used to look into other suitable isotopes
[2].
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Fig. 3 – A schematic diagram of the experimental target used
for BNCT facility at University of Birmingham.

Fig. 4 – Simulations vs. experimental results.

3. BASROC
The British Accelerator Science and Radiation Oncology Consortium is an
association aimed at developing hadron therapy in the UK from its present low
state: one centre at CCO (Clatterbridge Centre for Oncology) with a 60 MeV
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cyclotron for treating ocular melanoma. The association crosses disciplines,
containing accelerators scientists, particle physicists, engineers, medical physicists,
and physicians [5].
3.1. THE CONFORM PROJECT
The BASROC consortium formed a project known as CONFORM
(Construction Of an NsFFAG For Oncology, Radiation and Medicine) to build a
Non-Scaling FFAG for Onclogy, Research and Medicine [6].
The FFAG was invented and abandoned in the 1950s. It can combine the best
features of a cyclotron and a synchrotron: Fixed magnetic fields like a cyclotron
and pulsed acceleration like a synchrotron.
FFAG rings offer a radical alternative to conventional accelerator
technologies because it has many features that make it attractive for mediumenergy high current machines:
•

The time taken to accelerate a particle to the full energy can be very
short. It is limited only by the amount of RF power that can be provided
to the particle bunches, and not by the cycle time of the magnets.

•

The variation in the time for a full orbit varies only slowly with energy.
As energy increases the period increases due to the extra path length and
decreases due to the extra velocity. These changes are both small and
have opposite sign, leading to minimal (perhaps zero) variation in the
required RF frequency.

•

The beam can be delivered at any desired energy by the extraction after
the desired number of turns.

•

The DC magnet power supplies are simpler and cheaper to build; some
designs even envisage the use of permanent magnets [5].
There are three related work packages – EMMA, PAMELA and Applications
[7].
3.1.1. EMMA (The Electron Model of Many Applications)
EMMA is the world first demonstration of this new type of accelerator. The
project started on 1st April 2007. It is designed to accelerate electrons from 10 to
20 MeV, using 42 “cells” each comprising two quadrupole magnets (red and blue,
see Fig. 5) which provide the focussing. The gap between magnet pairs contains an
RF cavity in 19 of 42 cases. In 21 of the gaps there are diagnostic instruments of
various kinds. The final two gaps are used for the injection and extraction systems.
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Table 1
Lattice Parameters for the EMMA Accelerator
Parameter
Radius
Circumference
No of cells
Cell type
Cell length
RF
Energy range

Value
2.637 m
16.57 m
42
DF doublet
394.481 mm
19 cavities: 1.3 GHz
10 to 20 MeV

EMMA is located at Daresbury Laboratory and is using the ERLP (Energy
Recovey Linac Prototype) as an injector. It has 10 m across and 16.5 m in
circumference. The main parameters of EMMA are given in Table 1 [8].

Fig. 5 – EMMA at Daresbury Laboratory.

3.1.2. PAMELA (Particle Accelerator for MEdicaL Applications)
EMMA is purely for research. The next stage is to build a machine which
will explore the possibilities for proton and ion acceleration. PAMELA is such an
accelerator [5].
PAMELA aims to combine the best qualities of the cyclotron and the
synchrotron by using a unique acceleration scheme known as non scaling fixed
field gradient (ns-FFAG) acceleration. Because of the fixed magnetic field (like
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that used in the cyclotron), it can accelerate the particles rapidly. Because of the
alternating gradient (as used in a synchrotron), the radial distance moved by the
particles is relatively small, so that variable energy extraction is possible.
PAMELA has three rings it can accelerate both protons and carbon ions from
69 MeV up to 400 MeV.
Another advantage of using PAMELA is the possibility of using a compact
gantry. Because the gantries are very heavy (150–400 metric tonnes), new designs
are constantly being developed and modified to reduce their weight and make their
movement around the patient easier.
Spot scanning must be extremely precise and accurate to within ± 2%, which
is very difficult to do if the cancer is near something such as the respiratory system,
which is constantly moving.
A method being investigated is delivering the dose gradually, in scans lasting
~1µs instead of 1s, with more scans in total, so the whole tumour is treated
repeated times in each fraction. The hope is that between each scan healthy cells
will help reoxygenate the tumour cells in order for them to repair, then, as the beam
returns, the cell will have gained more oxygen, so will be more susceptible to
radiation.
The research at the moment is into modelling this problem in order to assess
the most effective pattern of delivery, in order to cause the maximum cell damage.
The aim is to find the optimum scan length, time between each fraction and the
dose required each time.

Fig. 6 – PAMELA layout.

Work at the moment is focussing on collaborating with designers to ensure
the accelerator satisfies all clinical requirements, and looking into the possibility of
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designing a new scanning system to really maximize the rapid energy changes
possible with PAMELA [9].
3.1.3. Other Applications
There are many other potential applications for accelerators with the
characteristics of the nsFFAG (medium- energy, high current, high acceptance, and
high duty cycle). Members of the consortium are investigating their use for:
1. Proton drivers for future spallation neutron sources and muon facilities for
spin rotation and relaxation, used in condensed matter studies.
2. Neutrino Factories – they may be useful for the proton driver and they are
certainly essential for the muon acceleration system, which must raise
muons to relativistic speeds in less than their 2 microsecond mean lifetime.
3. Accelerator Driven Subcritical Reactors where the efficiency of an FFAG
will increase the net power from these inherently safe reactors, and their
simplicity lends itself to the reliability required for commercial power
generation [5].
4. FUTURE PROJECTS: PROTON ISOTOPE PRODUCTION
Nowadays, many medical isotopes are currently produced by research
reactors. There are several disadvantages to this method of production, the main
focus being on: Reliability, Safety and Logistics.
Our plan for the future is to build the first ns-FFAG for proton isotope
production up to 10 MeV. The main advantages of this new type of accelerator are
that it will be small and compact and it will produce relatively less waste than
reactors. Also, most accelerators are less expensive than reactors.
5. CONCLUSIONS
International Institute for Accelerator Applications hosted by University of
Huddersfield is the UK’s first institute aiming to bring together research in
accelerator physics and engineering for the new societal demands: the development
and demonstration of an entirely innovative form of the non-scalling Fixed Field
Alternating Gradient (ns-FFAG) accelerator which can be used for cancer therapy,
clean energy generation, waste transmutation, muon beam production for materials
research and muon acceleration for fundamental physics.
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