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Some personal thoughts about the status of the Neutrino Factory Working Group and the (in)famous "International Muon Cooling Experimental Demonstration"

H. Haseroth

General situation:

The original idea as expressed by Kurt had the goal of having ready two future options for CERN at the time when LHC is running: CLIC and the Neutrino Factory.

CLIC had been started much earlier and with this argument a distribution of R&D resources of 1/3 for the NF and 2/3 for CLIC has been justified. 

My argument that we have to have more resources in order to catch up has not been taken into account. On the other hand we are in the very fortunate situation of having a very good collaboration with the US labs, having good access to their programs and to their results.

Formally we are not too far away from the 1/2 ratio (of course we are lower!). It must, however, be remembered - especially when we are compared to the US - that in our case the proton driver (SPL and accumulator / compressor rings) is counted as "NF activity". The proton driver is a substantial element in our CERN scenario. In the US this is not really counted as NF activity, but as a mere and simple upgrade of their existing machines.

I might also mention that there is quite some difference between a so-called "project leader", who is no longer a group leader and project leaders, who are group (or even division) leaders. Even if the project leader is not the group leader but the group leader is the ex-project leader it makes a big difference!

If we do not count the proton driver, our main activities are the following:

Target and collection (magnetic horn) work, i.e. simulations of pion production, simulations of capture and experimental work on target issues.

Simulation of the phase rotation (energy reduction), of the cooling channel and of the acceleration in the first linac

Simulation the RLAs (Recirculating Linear Accelerators) and of the Decay Ring. 

Arguments for an International Muon Cooling Experimental Demonstration
There are quite different opinions about the necessity to do a cooling experiment, however, the majority believes strongly that there is a need to demonstrate that ionisation cooling is indeed technically feasible. Some people feel that even the relevant programs need checking by experiments. One remark to answer criticism like "we know Moliere scattering and Maxwell's laws" is that in spite of knowing Maxwell's laws and the properties of superconducting cable one has built not only one but several magnet prototypes for the LHC. Muon ionisation cooling is by no means more trivial.

As a by-product of the discussions in the context of the cooling experiment several new ideas came already up, which were the result of stimulating exchange of ideas, not limited to the SPL and the target:

· The idea of "Beta - beams", i.e production of neutrino beams by decay of radioactive isotopes

· Very important findings about the H2 absorber heat load due to electron beams from the cavities.

If we give - according to the interpretation of the Medium Term Plan by some people - first priority to the SPL and to the target we must not give zero priority to the rest. As long as we do not pretend to compete with the ESS we should not forget that the big argument in favour of the SPL is its use for the Neutrino Factory. Even the PS/SPS intensity increase which is possible already with the 120 MeV SPL frontend is not an argument: An upgrade of Linac2 to higher energy would be cheaper. Unfortunately it is not yet sure that the SPL is the optimum choice for a Neutrino Factory. Higher energies and lower repetition rates have distinct benefits in terms of target feasibility, pion production and rf (and mains) power consumption. In addition the smaller number of bunches is much closer to the requirements of muon colliders. Comparing the cost of the proton driver alone does not give a straightforward answer:

· Proton driver (1MW AGS upgrade) cost in Study-II: 
168M$. 

· Our SPL - without accumulator and compressor ring -: 
350 MCHF

The American scenarios rely on upgrading the existing accelerators. They have the advantage that for example certain target tests can be made with already existing beams. We need the SPL. The ISOLDE beam is unfortunately not the equivalent.

If we do not discard the long term option for the muon colliders then it is clear that work on the cooling scenarios and emittance exchange (i.e. effectively cooling of the longitudinal emittance) might turn out as an essential part to pave the way to those future machines.

If we limit ourselves to SPL and targetry we will cut effectively our links with our American colleagues. Some very limited target work might continue, but will be hampered by the very different parameters of the proton drivers. Any continued simulation work at CERN on cooling scenarios will lack experimental verification and the demonstration of its technical feasibility. We should not underestimate the psychological reasons to get people together and motivated by a common experiment.

A possible (poor man's ) Muon Cooling Experiment

The main hardware is composed of the following items:

1) RF cavities

2) RF transmitters, modulators and charging supplies

3) Cavity sc solenoids

4) Hydrogen absorbers

5) Measuring lines at input and output including sc solenoids and data acquisition
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To minimise the cost, the following distribution of hardware contributions is envisaged (very personal and provisional!):

1) One 4 cell cavity from the US collaboration (LBNL)

2) CERN (One rf transmitter refurbished with pieces from Linac1, one spare borrowed. Upgrading of power with special tube (old 516) needed. Russian manpower is sought to help)

3) Swiss conferation, EU money?

4) American / Japanese collaboration (IIT et al.)

5) Collaboration of different physics institutes (V. Palladino)

