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Steps( Needed to Support Technical Readiness with Some Time and Resource Estimates for:

LHC energy upgrade

VLHC

Neutrino Factory 

Muon Collider

LHC energy upgrade
· Given current knowledge it appears that a working field of dipoles that could be developed in 5 - 8 years might be 12.5 T working field (peak field 15 T)

· this work is currently underway on a modest scale extra the LARP program 

· timescale for development of 17 T magnets for doubling the LHC energy not reliably predictable today

· Continued development of high gradient quadrupoles for the IR will be important

-       Nb3Sn large aperture quadrupoles is LARP program today

· effort to develop viable HTS coils and evaluate their radiation resistance properties would be beneficial for this and other projects

VLHC
· Consensus that first step is to optimize the concept design involving synchrotron radiation, radius, beam energy and intensity, in light of current technology status

· substantial magnet development for “low field” choice already in hand for building on

· new dipole R/D may be appropriate depending on outcome of size and top energy considerations (e.g. 5T transmission line magnets and fast cycling superferric magnets

· IR focusing magnet technology can build on LARP and additional LHC upgrade developments (e.g. HTS) as appropriate

· Informal estimates for a decision in ~ 10 years state a beginning rate of 15M$ ramping up as appropriate

Neutrino Factory

· Pieces of three essential steps are now underway: high power pion production target development; two dimensional cooling and muon acceleration together with system studies for a complete facility (examples below are all international efforts)

· MERIT (CERN) a mercury jet target experiment this summer (peak power equivalent of 4 MW avg)

· MICE (RAL) a 4D ionization cooling experiment based on single particle measurements. Objective to demonstrate 10%  transverse phase space reduction (factor of 100 needed for neutrino factory)

· MUCOOL (FNAL) project to develop focusing magnets, dE/dx cells and reacceleration cavities for muon cooling

· EMMA (Daresbury) an 20 MeV electron model of a non-scaling FFAG accelerator which is a possible candidate for the muon acceleration device

· Owing to budget stringencies (former annual US national budgets approached 8M$/yr, currently at 3M$ +FNAL), the US contribution to MICE is at least 1 and probably 2 yr late

· Steps of less priority are development of the decay channel and buncher system (seen as “conventional” technology)

Muon Collider
· Steps up to the cooling channel same as neutrino factory 

· transverse and longitudinal cooling (6D)
· rapid acceleration to some TeV – linac + RLA + FFAG or some combination of these

· collider storage ring

· collider detector

· MAJOR challenge is the 6D cooling, many different ideas have been proposed(, none have as yet found experimental verification

· a 6D experiment w/o rf is being planned by FNAL MCTF to investigate one of two current front runner ideas

· 10 % test of a complete cooling channel with rf reacceleration using this one scheme is being proposed

· Several new system ideas have evolved over the past few years making it time for another significant step:  overall muon collider design study paralleling the previous studies 1 and 2

· a beginning has been made in this by FNAL MCTF with US wide participation – not yet international

· With considerably more attention than now being paid, one might contemplate a TDR with supporting R&D results a decade from now.  Investments comparable to current ILC R&D would need to be made when the program is in full swing

(  It should be noted that hiding behind these steps are many sub-

   steps involving development of core technology  beyond its

   current state, rf (normal and sc in various frequency ranges,

   magnets pulsed and dc …..)  for the muon cooling alone the new

   cooling channel ideas require high field magnet R&D of

   great challenge, e.g. 30 - 50T solenoid, long helical solenoid

   channel  with the dE/dx and reacceleration built in….

Our “Final” report will attempt a timeline tied to other events.  A concern that we have is the apparent untying, in the documents we have been furnished, of the muon collider from the neutrino factory when the past, envisioned sequence of events saw them serially.  
