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4. Concepts for Evolving Project X into a Muon Collider Front End
4.1
Summary response to charge
Have the fundamental physics/technical issues that need to be overcome to utilize Project X as a muon front end been identified? 

Findings

· The specifications of the proton driver for a Neutrino Factory and a Muon Collider are very demanding. The only accelerator set-up potentially capable of meeting these requirements is based on an 8 GeV H- linac followed by one or more pairs of fixed energy rings, one for accumulation and one for compression.

· Crucial subjects are charge exchange injection and accumulation in the first ring. Depending on the stripping scheme (foil, laser or Li film) and on beam stability in the accumulator, the linac beam current is probably going to be far above 1 mA. Handling beam loss (~5% or up to 200 kW) is going to be a challenge, as well as preserving a small enough longitudinal emittance.

Observations

· Extensive design and R & D work remains to be invested to arrive at a convincing solution.

Recommendations

1. Reformulate the Project X muon goal from “Develop Project X to serve as the front end of future facilities like a Neutrino Factory or Muon Collider” to “Develop Project X as a first step towards future facilities like a Neutrino Factory or Muon Collider.”  
What is the level of understanding relative to translating these issues into performance requirements for Project X, either in its initial or upgraded configuration? 

Findings

· To fulfill its objectives for physics at 3 GeV, the low energy part of Project-X has to be a CW linac accelerating an average current of 1 mA.

· Acceleration from 3 to 8 GeV could be done either in a 10 Hz RCS or in a pulsed superconducting linac (1 mA - 10 Hz – 4.2 ms). In both cases, beam pulses are stacked in the Recycler to minimize the duration of the injection flat porch of the Main Injector.

· The RCS will be unable to approach the level of performance required by NF and MC, and will not be useful for experiments preparing for these applications.

· The linac can be made capable of delivering 4 MW beam power by increasing its duty factor to 50 % at 1 mA beam current (quasi-CW), by increasing the beam current to 12 mA at constant duty factor, or by a combination of both. Creating the required time structure on the beam is a challenging subject of development. 
Recommendations

2. Acceleration from 3 to 8 GeV with a pulsed superconducting linac is preferable:

=> It will allow experimenting with 8 GeV H- injection in a ring, first at the 200 kW level in the Recycler for the LBNE program, and afterwards on potential future test set-up(s) investigating alternative charge exchange and accumulation schemes.

=> It could become a significant portion (100’s of M$) of a future multi-MW proton driver.
Do the general concepts outlined lead one to conclude that an upgrade path should, in principle, exist? 

Observations

· Although the design of the proton driver of an NF or an MC is far from established, it is likely that extensive changes will have to be made to the accelerators built in the context of Project-X.

· However, the 3-8 GeV sc linac of Project-X will provide the capability to develop and demonstrate potential technological solutions to the challenges of NF and MC, and it is likely to be an important asset for a future multi-MW proton driver.
Recommendations

3. Design the infrastructure of Project X with margin for future high-power upgrades (space for RF systems, radiation shielding …).
Does the program of study proposed provide confidence that such an upgrade path, and corresponding requirements on Project X, could be established over the next two years? 

Observations

· The proposed program of study addresses the refinement of the design of the proton driver of an NF or an MC, provided adequate resources are invested. It should end up by outlining the required subjects of R & D.

· Defining Project X to meet reduced goals for the muon program should be carried out over the next six months.

Recommendations

4. Establish the list of subjects that need to be investigated for demonstrating the feasibility of the technologies needed for the proton driver of an NF or MC. Define how they could be addressed with Project X, possibly marginally influencing its design.

5. Considering the difficulty of the challenge, imagine intermediate steps (e.g. implementing a 1 MW device before attempting full power).
Additional Recommendation

1. Check feasibility of the preferred solution for Project X.

2. Focus on designing in detail the Project X accelerators and their components. That includes sc cavities and related auxiliary equipment, beam chopper, collimators and dumps, H- charge exchange injection at 8 GeV in the Recycler, stability of high intensity beam in the Recycler and Main Injector etc.
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