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Report from the MICE International Peer Review Panel

Cosenors House, Abingdon

May 2nd and May 3rd 2003

The MICE proposal, which was submitted following the discussion of a Letter of Intent in March 2002, has been reviewed by an International Peer Review Panel (see Appendix 1) which strongly recommends approval of the project.

The aim of the MICE experiment is to test ionisation cooling which is a crucial step on the route to a Neutrino Factory, or further ahead, to a muon collider. The neutrino parameters would be determined at a Neutrino Factory with unprecedented accuracy, and there is a real possibility that leptonic CP violation could be well measured. Such a demonstration of the existence of CP violation outside the quark sector would support the link (provided by the seesaw model) between neutrino masses and the cosmological matter asymmetry.

The Panel endorses the scientific case for MICE.  It is a timely experiment and will provide a realistic prototype of an ionisation cooling channel for muons. This is an important piece of accelerator physics, and will remove many of the current uncertainties of performance and cost associated with this method of muon accumulation and cooling. The MICE experiment is therefore a crucial prerequisite in understanding the potential use of muons in a future Neutrino Factory or muon collider.
The proposed experimental technique is appropriate. Single particle solenoidal spectrometers will map precisely, with ~1% precision, the emittance of the beam at the entrance and exit of the cooling channel, which will have the capability of yielding a 10% reduction of the transverse emittance for muons in the momentum range 140-240 MeV/c. Particle identification devices are employed to ensure that a muon enters and exits the cooling channel.

At its first meeting, the Panel identified a number of technical and managerial issues which have been addressed promptly by the MICE collaboration. There remain some technical issues which can only be answered by the building and testing of prototypes. The collaboration has set itself ambitious, but achievable, timescales for the realisation of these prototypes. The main issues and associated risks are addressed below.

Technical Issues and Risks:

The construction and successful execution of this experiment will provide an opportunity to confront and solve a number of engineering problems which one must face in any subsequent neutrino factory or muon collider project. This is the first time that an intimate assembly of RF cavities, superconducting magnets and liquid hydrogen absorbers has to be constructed.

· RF 

The RF acceleration system is one of the most challenging technical aspects of the MICE project. The RF cavity provides a longitudinal energy boost to each muon that passes through the liquid hydrogen absorber. The combination of energy loss by muons in the liquid hydrogen absorber and subsequent acceleration in the RF cavity is the basis of the ionisation cooling approach. The unique aspect of the cavity system is the introduction of an external magnetic field that poses a challenge for the muon detector system as well as the ultimate performance of the cavity. The low energy electrons that are emitted from the cavity surface will follow the external magnetic flux lines and will impinge upon the cavity windows and the liquid hydrogen. The x-rays produced by these electron interactions are potentially a serious source of background in the muon detectors. The Panel notes that the collaboration have already undertaken some tests, and urges them to expedite the R&D of the combined 201 MHz cavity and the surrounding superconducting solenoid.

· Liquid Hydrogen

The integration of the absorber is difficult for MICE. The liquid hydrogen absorber is installed between a pair of superconducting focussing coils. These coils attract each other by 1 meganewton or repel each other by 2.3 meganewtons depending upon the operational mode. The mechanical design of the cold support structure is robust and is well arranged so as not to interfere with the 14-17K cryogenic channel to the absorber. Alternative designs are being considered on how to decouple the coils and the absorber modules. These will allow independent testing and simplify absorber changes. Because of the presence of liquid hydrogen, special safety considerations are essential for MICE. Very careful design has been made so that oxygen does not enter and freeze on the absorber in the event of small air leaks of the cryostat. 

Although the international collaboration is widely dispersed, the Panel recognised that the work is now well organised through a dedicated focus/absorber working group. The R&D of the absorber windows for the liquid hydrogen container is impressive. Various thickness profiles of windows have been examined by the finite element analysis assuming pressure burst with a sufficient safety factor. The prototypes of these designs have been tested using a novel technique of photogrammetry.

It is recommended that the collaboration makes a comparison of the ionisation cooling figure of merit for other candidate absorber materials such as liquid helium and some of the solid targets taking into account the scattering by the windows for liquid hydrogen.

· Detectors 

The detector system proposed for MICE must tag each particle entering the cooling channel as a muon, rejecting electrons, protons and pions. This is done using an upstream Cerenkov detector, and time of flight over a path of 10m with a resolution of ~70ps. The particle leaving the cooling channel must again be identified as a muon, rejecting any electrons coming from the decay of a muon in the channel. This can be performed by a downstream Cerenkov detector and an electromagnetic calorimeter to reject electrons. All of these detectors are state of the art, and the required levels of performance have previously been achieved in other experiments.

Currently the MICE collaboration has two proposed techniques for measuring the track parameters of the muons in the solenoidal spectrometers enabling the determination of input and output emittances. One solution is based on a Scintillating Fibre (SciFi) tracker which will measure space coordinates at five stations. These points are then used to obtain helical trajectories. The other solution is a helium filled Time Projection Chamber with GEM readout (TPG). This device measures many points per track (~100) but has a long integration time, ~50sec compared with the ~10ns of the SciFi. A choice must be made, and the selected technique must be shown to be capable of handling the possible severe noise levels of soft X-rays from the RF cavities.

The collaboration is actively engaged in prototype work on both designs. These will be subjected to laboratory and beam tests leading to a selection of technology in October 2003.

· Muon Beamline and  Solenoidal Decay Channel

Pions produced from a target in the ISIS beam are deflected out of the accelerator vault and into the MICE experiment by a pair of bending magnets. Pions decay into muons as they follow this path and are constrained by a focussing system which (in the proposal) might be a series of quadrupole magnets or a 5m long 5T solenoid.

It has become clear from the needs of the experimental programme that only the solenoid system would transport a sufficient flux of muons to the experiment. The solenoid in the original proposal is located within the shield wall between the ISIS vault and the experimental area. However, in a modification suggested by RAL, the initial bending angles can be reduced so that a wider momentum spread is transmitted and the solenoid can be relocated outside the wall. Not only may the hole become smaller but also the two activities – cutting the hole in the concrete and installing the solenoid – may be spread over two shutdowns. The broader momentum spread will allow data taking without the need to “scan” the central momentum of the experiment. The Panel believes that this new design is a significant improvement.

Managerial Issues and Finance:

In addition to examining the scientific and technical aspects of MICE, the Panel also considered the managerial and financial aspects, discussed below.

· Independent Cost and Schedule Review 

The current cost estimates are reasonable for this stage of the project. They have been mostly determined by physicists, based on their knowledge and experience from providing similar equipment in other experiments. There is for example not likely to be a uniform treatment of contingency and inflation.  The size and complexity of the International MICE collaboration requires an independent cost and schedule review. The international aspect of the collaboration with its multiple funding sources makes this even more imperative. The U.S. Department of Energy approach, i.e. the Lehman review, is an example of such a process. The Panel urges RAL to set up an independent review at the appropriate time in the “Gateway” process, and then schedule further reviews as appropriate.

· Project Management Methodology

The RAL management, working together with the MICE collaboration, needs to develop a full work breakdown structure (WBS) or its equivalent. Such a document should enumerate all the required tasks, down at least to level 4, cost estimate each task as well as its basis, and establish a resource loaded schedule. Such a document is indispensable to assure that the costs and schedule are complete and reasonable, that no essential tasks have been left out and that the responsibility for each part of the project is clearly defined. It will also facilitate identification of important integration issues.

· Technical Liaison

In the opinion of the Panel, RAL must assign technical liaison staff to the project. Each of the members of this group should have expertise in one of the major subsystems of the project e.g. RF, hydrogen absorbers, magnets and detectors, with an engineer responsible for system integration. They should spend some time with the external groups helping to define and understand the new systems. In particular, this process should ensure conformity with RAL specifications.

· A Technical Advisory Committee

RAL should establish a Technical Advisory Committee which would monitor all the technical aspects of MICE and would serve as an advisory body to the Director, Particle Physics. The MICE experimental complex is composed of a number of highly challenging subsystems. Although the Panel has not identified any fundamental problems in the design of each subsystem, every component has some novel features or critical aspect in it and will require a high degree of quality assurance for its realisation.

· An Agency Committee
MICE is an international project with about 60% of the costs provided from outside the UK involving many different national funding agencies. While it is impossible, and most likely not even fruitful, to try to impose uniformity on the funding agencies, it is essential that an Agency Committee is formed to understand and monitor what is being provided by the international partners.

Time Schedule:

· The collaboration is evolving a realistic time schedule for the project

In the proposal, the proponents of MICE planned to install pieces of the muon beamline in the long ISIS shutdown in Spring 2004, although the vital decay solenoid from PSI would not be ready on this timescale. This planning produced a very aggressive schedule which showed the commissioning of both solenoidal spectrometers in the beam in the first quarter of 2006.

Discussions with the ISIS division revealed that there was insufficient effort available to meet the demands of both ISIS and MICE. Accordingly, plans were modified so that now in 2004 MICE plans simply to drill a hole through the shield wall, with the full beam line installation occurring in the long shutdown in the Spring/Summer of 2005, when the PSI solenoid will be available. The commissioning of the spectrometers now is moved to the first quarter of 2007; in the Panel’s view this is an ambitious but achievable timescale.

Measurements with the full version of MICE will commence in the first quarter of 2008, a delay of some 9 months from the proposal. The Panel believes that this is a realistic timescale, and it maintains the momentum of MICE. However, the appropriate level of priority must be given to MICE to ensure that the full beam line is constructed during the long ISIS shutdown in 2005.

Concluding Remarks:

The choice of future facilities which can be proposed for exploitation by the world community of high energy physicists is determined by the research and development in accelerator physics carried out in the world’s HEP laboratories. As a prime example, there could not be the possibility of an e+e- Linear Collider without the work of DESY, KEK and SLAC.

Implementation of MICE at RAL will strengthen the laboratory as a member of the high-energy physics global accelerator network. UK physicists, working with their international collaborators, will be able to provide a unique result in accelerator physics which is required if muons are ever to be considered as candidate accelerated particles, and the UK will become an attractive venue for some of the world’s leading accelerator physicists.
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