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Significant high-current, high-intensity accelerator research and development have been done in the recent past in the US, centered primarily at Los Alamos National Laboratory. These efforts have included designs for the Accelerator Production of Tritium Project (APT), Accelerator Transmutation of Waste (ATW), and Accelerator Driven Systems (ADS), as well as many others. A 6.7-MeV, 100-mA, CW proton demonstration accelerator was operated successfully as a proof-of-principle for the APT Project that also showed promise as the front-end of a GWth-class ADS driver. This past work and some specific design principles that were developed to optimize linac designs for ADS and other high-intensity applications will be discussed briefly.
1.    ADS LINAC Requirements

The Accelerator-Driven Systems (ADS) application requires a hard neutron spectrum that can be produced by a spallation process from a proton beam.    The required power of an ADS linac is determined by the design of the subcritical multiplier. The beam energy and beam current of the linac are determined by the required neutron yield and profile of the power density deposited by the proton beam in the spallation target where a uniform profile as a function of depth into the target is ideal to reduce excessive local heating in the target [1]. Recently, the trend is towards higher criticality of the subcritical multiplier and lower accelerator beam currents. The optimal proton energy for ADS is near 1500MeV.
The engineering challenges for an ADS system lie in the safe, controlled coupling of an accelerator to a subcritical reactor through a spallation target. System control and safe operation will demand the understanding and resolution of the potentially complex behavior of this coupled accelerator/target/reactor system with the key to success being how well the ADS system will be integrated in terms of design and operation.
An aspect of the integrated operation of an ADS system is that of handling accelerator faults and beam interrupts that can impact the lifetime of the target/ reactor system. Recent efforts have focused on improving performance of the driver linac beyond what is typical for operating machines today, emphasizing improved equipment protection and high availability, but not acceptable interrupt-free operation. Progress is still needed in the design of the linac, as well as improvements towards a more interrupt-tolerant target/reactor system in order for ADS to become viable. Arriving at credible criteria for accelerator trip rates and modifying the target/reactor to have a reasonable fault acceptance may be the greatest challenges ahead.
2.    The Advantages of Superconducting (SC) RF Technology

The present trend is for new high-power proton-linac projects to use SC accelerator technology almost exclusively. The APT project at Los Alamos in the 1990s established the necessary technology base required for high-power CW SC proton-linac technology by demonstrating the feasibility and advantages of using SC elliptical cavities at high beam velocities [2, 3]. 
Since about 1995, all new high-power proton-linac projects include SC accelerator sections. Additionally, cavity developments such as the multi-spoke resonator are allowing application of SC technology to lower beam velocities.
      The use of SC cavities for ADS is of interest because of the significant thermal issues with room-temperature structures, the larger SC-cavity apertures, and the lower operating costs (improved electrical efficiency). These characteristics also allow operational flexibility not available with room-temperature structures. An example of this is the ability to independently control the phase and amplitude of cavities which allows operations in the event of a cavity failure by rapid retuning, as well as others.
3.    Accelerator Design Approach for ADS
Historically, as in all projects, accelerator systems have been designed to meet specific technical performance requirements as well as balancing costs. Less attention has been paid to optimizing reliability, availability, or maintainability (RAM). However for ADS to be successful, an integrated systems design approach is warranted that uses “lessons-learned” design principles that lead to inherent fault tolerance as well as uses formal RAM and Failure Mode and Effects (FEM) analyses [4]. This may require a iterative process to optimize a design for technical performance, cost, and RAM and FEM. Significant improvements in the implementation of appropriate real-time monitoring systems (diagnostics and controls) may also be necessary.
      Much has been learned in recent years about high-intensity linac beam physics that can contribute to more reliable designs for ADS. Tools now exist to produce designs that focus on optimizing beam physics by avoiding beam envelope instabilities and resonances, achieve high beam capture, provide nearly current-insensitive focusing lattices and transitions, allow efficient acceleration, and improve inherent insensitivity to faults. This approach has been used in varying degrees for many Los Alamos projects such as Accelerator Production of Tritium, Accelerator Transmutation of Waste, ADS applications, and SNS.
4.    APT and the Low-Energy Demonstration Accelerator (LEDA)
Figure 1 shows the layout of the APT SC accelerator design completed at Los Alamos in 1999 [5]. This concept along with several technology developments (a high-power 1-MW CW RF coupler, multi-gap spoke resonator cavities, and advanced RF power and controls technology) provided the design basis for an ADS system. The design included the use of three sections of multi-cell elliptical cavities to efficiently accelerate a 100-mA CW proton beam to a 1-GeV final energy.
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Figure 1. Layout of the 1-GeV, 100-mA (100 MW) APT linac and target concept developed at Los Alamos. It provides the design basis for an ADS system.
      A 75-keV H+ injector followed by a normal conducting 6.7-MeV 350-MHz RFQ provided the beam generation for the APT. This section of the linac, the Low-Energy Demonstration Accelerator (LEDA) was built and successfully operated at Los Alamos as a stand-alone accelerator from 1999-2001. It demonstrated the feasibility of making a two-order-of-magnitude jump in average beam current. This demonstrated technology serves as the basis for APT, ADS, and other high-power accelerator uses. The LEDA Facility was proposed as an ADS high-power accelerator test bed in 2003 [1], but was never realized.
Another important consideration for high-power beams is beam halo. An experimental study of the beam halo in a high-current 6.7-MeV proton beam propagating through a 52-quadrupole periodic-focusing channel was done at LEDA. Beam emittances and beam widths were obtained from measured profiles over a wide dynamic range for comparisons with maximum emittance-growth predictions of a free-energy model and maximum halo-amplitude predictions of a particle-core model. The experimental results supported both models and the present theoretical picture of halo formation [6].
5.    Advanced SC Accelerator Design Concepts for ADS

Several advanced designs based on APT were developed at Los Alamos during 2002-2004 for an ADS driver linac. All designs assumed use of the 6.7-MeV LEDA RFQ as an injector to the SC linac. The final design iteration resulted in a linac design capable of accelerating a 20-mA CW beam to 600 MeV using only 350-MHz SC multi-spoke resonator cavities operating at 4(K [7]. Replacing the 2(K, 700-MHz SC elliptical cavity sections with spoke resonators has several advantages including reduced cryoplant operating cost and an improved real-estate accelerating gradient due to the longer active lengths of the 350-MHz cavities. Figure 2 shows schematic layouts for the initial baseline design and the advanced design concept. The use of 5-gap spoke resonators was also proposed.
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Figure 2. Schematic layouts of advanced SC linac concepts for ADS.
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