2.1 MICE: 
2.1.1 Editor:  Dan Kaplan

The complete MICE apparatus is shown schematically in Fig. 1. It is currently being built up and commissioned by an international collaboration
 at the ISIS synchrotron of the Rutherford Appleton Laboratory in the UK.
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Figure 1: Schematic drawing of MICE apparatus, comprising a muon beamline at left (not shown), particle-identification systems, and input and output spectrometers surrounding a single ionization-cooling lattice cell.
2.1.2 Goals:
(i)  Official MICE goals.

The goals of MICE are 

• to engineer and build a section of cooling channel (of a design that can give the desired performance for a Neutrino Factory) that is long enough to provide a measurable (≈10%) cooling effect, but short enough to be moderate in cost;  

• to use particle detectors to measure the cooling effect with an absolute accuracy of 0.1% or better; 

• to perform measurements in a muon beam of momentum in the range 140–240 MeV/c, in which particles can be tracked individually, one particle every 100 ns or more. 

This has required the development and installation of a tunable pion/muon beamline as well as a target that can be dipped into the ISIS beam as needed. These are now in place, and the process of installing and commissioning the beam and particle-identification instrumentation is underway. The MICE cooling channel will be gradually built up and commissioned over the next several years as indicated schematically in Fig. 2. This gradual approach has the dual virtues of allowing the measurement systematics to be thoroughly evaluated and optimized and of matching the construction schedule to the availability of funds.
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 Figure 2: Projected schedule of MICE experiment at RAL. 

(ii) Investigate possibilities to utilize MICE hardware and infrastructure to explore 6D cooling issues, e.g., examine LiH absorbers and wedges.
The MICE apparatus can be viewed as a quite general test-bed for ionization cooling ideas. The ionization-cooling lattice cell comprises eight superconducting coils that can be variously powered to create “super-FOFO”
 (field direction alternating each half-cell) or solenoid-type (field directions constant) optics, and the currents can be tuned to characterize cooling performance with a variety of beta functions. The MICE goals require that this be done in order to validate the Monte Carlo simulations that are used to design such cooling channels.

MICE is designed to test transverse ionization cooling. This suffices for a Neutrino Factory but not for a Muon Collider. Thus much recent attention has been focused on the design and optimization of six-dimensional muon-cooling systems. Ionization energy loss is inherently a transverse cooling effect but can be “rotated” so as to cool in all six dimensions by arranging suitable dispersive regions in the lattice and using these to correlate the energy loss of each muon with its momentum. An example is the use of wedge absorbers in dispersive regions so as to absorb more energy from high-momentum muons and less from low-momentum ones. The net effect is to decrease the longitudinal emittance at the expense of increasing the transverse emittance, which is then cooled by ionization. Thus indirectly, all six phase-space dimensions of the beam can be cooled.

A simple test of the six-dimensional ionization-cooling concept can thus be done in principle by inserting a wedge absorber (composed, e.g., of LiH) into a beam having suitable dispersion, and measuring the effect on the beam. This should be possible in MICE either by tuning the incoming beam so as to produce the desired dispersion or by selecting out of the distribution of incoming muons an ensemble that has dispersion matched to the configuration of the wedge absorber. This concept needs further study to evaluate both its feasibility and the degree to which it could constitute an incisive demonstration of six-dimensional cooling.

A more ambitious six-dimensional ionization-cooling test could be considered in which the MICE beam and detectors are used to evaluate and study an actual prototype of a six-dimensional cooling channel. Thus MICE has been discussed as a possible site for the proposed MANX experiment,
 but other six-dimensional cooling lattices could also be considered for such a test. For example, a section of an RFOFO ring or “Guggenheim” cooler could be built and inserted into MICE, or such a lattice could perhaps be approximated using components already being built for MICE.

2.1.3 Deliverables
(i) Official MICE US deliverables.

· Spectrometer solenoids (2), including engineering, fabrication, testing, and field-mapping

· Assembly of scintillating-fiber planes (15) for fiber-tracking spectrometers

· AFE-IIt readout boards, VLPCs, and VLDS interface modules for fiber-tracking readout

· Design, fabrication, and commissioning of VLPC cryostats (4) for fiber-tracking spectrometers

· Fiber-tracking readout system integration & commissioning

· Fabrication, installation, and commissioning of 2 Cherenkov counters

· RFCC modules (2) including 8 RF cavities & 2 Coupling Coils

· Scintillating-fiber beam position/profile monitors (4 planes)

· Design and fabrication of LiH absorbers

· Partcipate in MICE operations and analysis

(ii) LiH absorber (or other 6D cooling component) beam tests


(To be written)

2.1.4 Study Elements
To be listed by the leader. Should include list of sub-activities and, for each activity, the associated goal(s), SWF, and M&S.
� See MICE website, mice.iit.edu.
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