Letter of Intent: FP6 Design Study for a Neutrino Factory

Introduction

The observation of neutrino oscillations is one of the most important discoveries in physics in the last decade. Neutrinos can only oscillate if they have mass and this forms the first observed violation of the standard model of particle physics. As a result, a lot of interest has been generated and a large number of new experiments have been designed, built or proposed to verify the measurements and learn more about oscillation phenomenology. Despite all these new experiments, however, we will still not know everything about neutrino oscillations. A complete understanding and, in particular, the possible observation of CP-violation in the lepton sector and a precise measurement of all the oscillation parameters requires new facilities. The possible options for the future long baseline neutrino oscillation facilities will be investigated by the Beams for European Neutrino Experiments (BENE) Network included in the CARE proposal to FP6, if approved. However, the ultimate long baseline neutrino oscillation facility already appears to be the Neutrino Factory and is the subject of this letter of intent.

The Neutrino Factory is currently in an R&D phase, with work being carried out in Europe, the US and Japan. As far as Europe is concerned, this began in the late 1990s, focussed particularly around CERN. It has resulted in a complete outline layout for a Neutrino Factory based at CERN (see figure 1) and a layout at RAL that is still under development. Due to the budget cuts at CERN over the last couple of years, however, the level of activity in Europe has dropped considerably recently. In an endeavour to rejuvenate it, a re-organisation of the work is taking place and an attempt is being made to include more accelerator physicists from outside CERN in the project. In the US, relevant R&D has been going on for a longer period, though it was originally focussed more on a Muon Collider rather than the Neutrino Factory. It has led to two Feasibility Studies being undertaken, both with limited involvement from outside the US. The first was hosted by Fermilab and the second by Brookhaven. In Japan, the Neutrino Factory activities are centred around the JPARC complex as the proton driver and a scheme has been developed which is radically different from those in Europe and the US. This uses FFAGs to accelerate the muons and does not include ionisation cooling.

The Neutrino Factory R&D activities world-wide are now at the stage where the essential next step is a complete world-wide Design Study, involving Europe, the US and Japan. For Europe, this is particularly important as no such study has yet been done, so we are somewhat behind our American colleagues, and it would act as a focus for rejuvenating the activities. The study should include theoretical investigation of the accelerator complex, R&D activities to prove the principles of the machine and on the components themselves and studies of detector technologies for long baseline neutrino oscillation searches. To be in a position to bid for any funds released when payment for the LHC is complete, the aim should be the production of a Conceptual Design Report on the timescale of 2009.

Although the call is not yet out, the FP6 Design Study programme looks ideal for providing the framework for this world-wide Design Study and some of the funding for the European part of it. To produce a CDR on the timescale of 2009, a Neutrino Factory proposal must be submitted to the first round in 2004. An initial sketch of the form it could take is given below, particularly focussing on the activities in Europe. FP6 allows collaboration with American and Japanese partners and they will be closely involved in preparing the proposal. Discussions about collaboration have already started and will continue at the Neutrino Factory Workshop, NuFact’03, in June, with a session of the machine working group being devoted to the Design Study and a review of the outcome taking place in the final plenary session.
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Figure1: Schematic layout of a Neutrino Factory at CERN. It consists of a 2.2 GeV proton driver, accumulator and bunch compression rings, a pion production target with magnetic horn collection, muon phase rotation and ionisation cooling sections, muon accelerators and a decay ring.

Outline

Although the EC has not yet issued the call for Design Study bids, the basic structure is already known. A design study can consist of two basic elements: Feasibility Studies (FS) and Technical Preparatory Work (TPW). As far as the Neutrino Factory is concerned, these could take the following forms:

Feasibility Studies: in the initial stages (the first two years?), this would include an evaluation of the alternative options for the different sections of the accelerator complex. It would identify the R&D and more detailed engineering studies that would be required before a final, overall conceptual design could be completed for the Neutrino Factory. Although the FP6 funding would only begin around the end of 2004, this work is already starting in Europe as part of the process of restoring the level of activity. In addition, in the US, evaluation of the accelerator layout from their second feasibility study has continued with the aim of reducing the cost and a third study has been envisaged for sometime. This would now form part of the world-wide design study. All components of the accelerator complex would be included in the programme and initial ideas for a long baseline neutrino detector evaluated to determine what R&D is necessary.

The second half of the FS, the last 2-3 years, would concentrate on producing a CDR, based on the work done in the first half and the results of any R&D performed. The aim would be to develop a single Neutrino Factory layout. Enough engineering would be included to ensure that the final conceptual design could provide the basis for the construction of the machine.

Technical Preparatory Work: The bids for TPWs would depend on the rules as specified in the call. In particular, ideally bidders should be allowed to do feasibility studies to identify what R&D is required and make TPW bids in the later years based on this work. In any case, in the first round there are a number of possible projects for which a TPW bid can be made, for example the Muon Ionisation Cooling Experiment (MICE), a target test area and a collector test area. In addition, a bid for R&D on a neutrino far detector would be a possibility. If additional TPW bids can be made in the later years, these should focus on the R&D identified by the initial FS.

As already discussed, the details of the Design Study will need to be worked out over the next few months once the call is made, with US and Japanese colleagues being closely involved in the discussions.

Management

Host laboratory: The first feasibility study in the US was hosted at FNAL and the second at BNL, with both laboratories being required to contribute significant resources, ~$1M. As the two main participating laboratories in the US having already been hosts, the US collaboration has been looking for an alternative for their third study and has suggested the Rutherford Appleton Laboratory in the UK. In Europe, with the budget cuts at CERN, the UK is now the biggest contributor to Neutrino Factory R&D, with the work centred around and being coordinated from the Rutherford Appleton Laboratory. As a result, RAL is the logical candidate for the host laboratory. This means the leader of the Design Study should be somebody at Directorate level from RAL, the most likely candidate being Ken Peach, Director of the Particle Physics Department. Currently, Ken is seeking agreement from the RAL Director for this. Overall coordination of the Design Study would then take place from RAL. Rob Edgecock would act as deputy to Ken. The Design Study would be coordinated under the general umbrella of ECFA via ESGARD and the European Muon Coordination and Oversight Group (EMCOG).

Coordination of activities: As part of the recently created European Neutrino Group (ENG) for coordinating Neutrino Factory R&D in Europe, a number of “Task Force Leaders” have been identified for the different elements of the accelerator complex as follows:

Proton driver: Pascal Debu (Saclay), Roland Garoby (CERN), Chris Prior (RAL)

Target: Roger Bennett (RAL)

Collection: Jean-Eric Campagne (LAL)

Frontend: Rob Edgecock (RAL)

Acceleration and storage ring: Francois Meot (Saclay)

It is planned that these people would coordinate the activities in their own and other laboratories on these elements of the machine in the Design Study. Equivalent people and labs would be identified from Japan and the US to work along side these task force leaders. A coordinator would also be identified for the neutrino detector R&D. This ENG structure also forms the backbone of the BENE proposal on the CARE project.

Funding and timescale

A lot of work is required to put us in a position to write a CDR by 2009. The plan then is to bid for as large a funding as possible, ~10-15MEUR, from FP6 consistent with equivalent funds being available from the member institutes. As already discussed, the first stage of the Design Study has already started in Europe, the US and Japan. The aim is to complete most of the initial theoretical work within two years of the start of the Design Study to be in a position to bid for relevant TPWs in the last round. Thus, a possible time schedule, assuming Design Studies start at the beginning of 2005, is:

	March 2003
	Start of Design Study as part of ENG

	April 2003
	Start formulation of FP6 DS proposal

	October 2003
	Call for Design Studies

	February 2004
	Finalise Design Study proposal

	March 2004
	Submit proposal: FS and some TPWs(?)

	January 2005
	Start FS and TPWs

	January 2006
	Attempt to identify R&D for more TPWs

	March 2006
	Submit TPW proposals

	January 2007
	Start more detailed studies of a limited number of options for the Neutrino Factory, including engineering

	January 2009
	Select final Neutrino Factory design

	Mid-2009
	Complete CDR


Conclusion

The World Neutrino Factory Community is now in an ideal position to begin a world-wide Neutrino Factory Design Study with the aim of producing a Conceptual Design Report on the timescale of 2009. An FP6 Design Study project could form the framework for this and provide the funding required to rejuvenate Neutrino Factory R&D in Europe. It is hoped this study would be hosted at the Rutherford Appleton Laboratory and would take place under the umbrella of ESGARD and EMCOG. Initial discussions with international partners have already started and will be continued at NuFact’03. It is proposed to prepare a proposal once the call is made, in collaboration with these partners, and submit it to the first Design Study round.

