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ABSTRACT 

The creation of intense radioactive beams requires intense and energetic primary beams. A task 
force analysis of this subject recommended an acceleration system capable of 400 MeV/u 
uranium at 1 particle pA (6.2 x 1012 particles/s) as an appropriate driver for such a facility. This 
document proposes for the driver acceleration system an ion source, radio frequency quadrupole 
(RPQ), and linac chain capable of producing a final energy of 20 MeVlu and a charge (Q) to 
mass (A) of Q/A ~1/3. This acceleration system would be followed by a Separated Sector 
Cyclotron with a final output energy of 400 MeV/u to provide a more cost effective solution than 
a fully linac system. 

INTRODUCTION 

The acceleration scheme presented is intended for the creation of the high intensity beams 
necessary for the production of rare isotopes by projectile fragmentation. Linacs when compared 
to cyclotrons provide the widest range of possible operational characteristics, but at a substantial 
cost penalty. As a consequence, this paper proposes a hybrid system in which the linac is used to 
accelerate ions to a fixed final energy of 20 MeV/u at a charge state to mass ratio (Q/A) of 
approximately 113. The final acceleration to 400 MeV/u is accomplished by a Separated Sector 
Cyclotron. This acceleration chain provides a more cost-effective solution than a fully linac 
system with the same primary beam output parameters. 

DESIGN CONCEPT 

Separated Sector Cyclotron 
The general design philosophy of the proposed Separated Sector Cyclotron is to take benefit of 
the highly successful design of the Paul Scherrer Institute’s (PSI) 590 MeV/u Ring Cyclotron 
(RC) and to keep the system as simple as possible to enhance operational efficiencies and 
performance, and to minimize initial capital investment. 

To minimize the requirements for the trim coils used to achieve a radial magnetic field profile 
compatible with isochronicity, a fixed charge (Q) to mass (A) ratio was chosen. As shown in 
Figure 1, a Q/A band of 0.333 f 0.003 provides nearly complete coverage of the periodic table 
and will likely yield relatively modest trim coil requirements. Proton and deuteron like beams 
would be achieved by using the molecules Hsl+ and DH’+. Other beam examples would be 1806+ 
and 48Ca’6+. 

To allow a fixed frequency rf system, the injection and extraction energies are fixed at specific 
values. Given the Q/A = l/3 choice, the minimum injection energy is set by the energy required 
for the heaviest ion (238U) to achieve the appropriate equilibrium charge state after stripping. 
The empirical formula of Baron et al.’ was used to evaluate the energy necessary to achieve the 
Q/A condition. From Figure 2, a value of 20 MeV/u was chosen for a Separated Sector Cyclotron 
injection energy. 
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