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ABSTRACT
The focus of this work is on the high power ring methods in the frame
of the KURRI FFAG collaboration in japan. Upgrade of the
installation towards high intensity is crucial to demonstrate the
high beam power capability of FFAG. Thus, modeling of the beam
dynamics and benchmarking of different codes was undertaken to
validate the simulation results. Experimental results revealed
some major losses that need to be understood and eventually
overcome. By developing analytical models that account for the
field defects, one identified major sources of imperfection in the
design of scaling FFAG that explain the important tune variations
resulting in the crossing of several betatron resonances. A new
formula is derived to compute the tunes and properties
established that characterize the effect of the field imperfections
on the transverse beam dynamics. The results obtained allow to
develop a correction scheme to minimize the tune variations of
the FFAG. This is the cornerstone of a new fixed tune non-scaling
FFAG that represents a potential candidate for high power
applications.
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Fig. 3 Measured tunes and timing of major beam losses at the KURRI FFAG.

Major beam losses due to resonance crossing. How to explain
the tune variations observed both experimentally and
numerically?

BEAM STABILITY ANALYSIS

In recent years, the concept of Accelerator Driven Sub-critical
Reactor (ADSR) has gained more interest worldwide as a potential
candidate to solve the problem of nuclear waste. This concept,
the focus of the present dissertation, requires the coupling of a
high power proton accelerator with a sub-critical core. Among the
many options that can serve as a proton driver, the Fixed Field
Alternating Gradient (FFAG) accelerators. The work presented in
this thesis is dedicated to demonstrate the high power capability
of FFAGs.

RBENCHMARKING OF DIFFERENT
SIMULATION CODES FOR KURRI
150 MeV SCALING FFAG
Scaling FFAG at KURRI was commissioned and delivered the first
beam in 2009. Since then, several upgrades took place to
demonstrate the high beam power capability of FFAG.
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CORRECTION SCHEME AND
ADVANCED ACCELERATOR
CONCEPTS

Fig 6. Closed orbits in the fixed tune non-scaling FFAG concept.

By alternating scaling imperfections, one can remediate the
tune variations in FFAG. This is the cornerstone of the new
FFAG concept and demonstrates that the cardinal
conditions of scaling FFAG are non-necessary conditions to
obtain a fixed tune FFAG.

DYNAMIC ACCEPTANCE

Fig. 4 Example of trajectory in the hard edge model.

Define an extension of the mean field index of the magnet by introducing
its azimuthal variations through the F and D magnets, i.e 𝑘𝐹 and 𝑘𝐷 . In
the ideal case, 𝑘𝐹 = 𝑘𝐷 .
Mainly found that due to the cross-talk between the F and D magnets, the
field index is different from the ideal one.
Using the BKM’s method of averages, one showed that:

Fig 7. Schematic of the 2D barycentric interpolation method.

where
Good agreement between the simulated and the conjectured
results.

Fig 1. FFAG complex at KURRI.
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Following the FFAG’14 workshop held at BNL, a simulation campaign
was established to benchmark several simulation codes. The main
objective is to provide reliable modeling tools for FFAG and to
explain the results of the experiments at KURRI.

Fig 8. DA of the fixed tune non-scaling FFAG concept.

Fig 5. Tune calculation in the horizontal plane and comparison with the
analytical formula.

Key finding:

CONCLUSION
- In KURRI, characterization of the experiments is still on-going.
- Benchmarking of different simulation codes yielded excellent
agreement.
- Major beam losses were observed, mainly due to resonance
crossings.
- Both analytical and simulation models were developed which
demonstrated that the tune variations obey a well defined law
involving the non-scaling of the orbits.
- A correction scheme is presented which allows to overcome the
resonance crossings and is the new concept of the fixed tune nonscaling FFAG.
- It is shown that the DA is lower with increasing scaling
imperfections in this concept.

Results demonstrated analytically and through numerical simulations.

Fig 2. Betatron tunes from 11 to 139 MeV (left to right) calculated with
several codes. The Zgoubi model is in good agreement with the
others
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Can we combine these two effects in one single lattice to obtain a
fixed tune FFAG?
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