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Studies of a European Neutrino Factory Complex

----------------

Status report and request for endorsement from ECFA

It is by now well established that neutrinos have mass and that the three families mix. Coming after over thirty years of difficult experimentation using neutrinos from natural sources, this realization is possibly the most important event in particle physics in the last ten years. It opens a field of research which could last several decades and culminate with the discovery of leptonic CP violation – a key ingredient in the understanding of the baryon-antibaryon asymmetry of the universe. This justifies an important investment in accelerator-based neutrino beams and experiments. 

The ECFA study groups of a European Neutrino Factory Complex were founded at the beginning of year 2000 with endorsement from ECFA. They are organised as follows:

Neutrino oscillations working group, convened by JJ Gomez Cadenas and F. Dydak (CERN- EP) until June 2002, and by P. Hernandez and  M. Mezzetto (Uni. Padova)  since.

Low energy muon physics group, convened by G. Giudice and A. Van der Schaaf.

Working group on physics at the front-end of the neutrino factory, convened by M. Mangano, and A. Kataiev.
Working group on Kaon physics with a high-intensity proton driver, convened by G. Buchalla. 

Working group on physics opportunities at mu+mu- Higgs Factories, convened by W. Murray and S. Kraml.
In addition an accelerator working group was mandated by Kurt Hubner (CERN director of accelerator in 1999) and convened by Helmut Haseroth investigated the feasibility of a neutrino factory based on a muon storage ring, and the possible extensions of more conventional pion decay neutrino beams. This group has worked in close contact with experimenters. 

The steering group consists of A. Blondel(chair), R. Edgecock, J. Ellis, E. Fernandez, H. Haseroth, V. Palladino, K. Peach, M. Spiro, P. Strolin, and oversees the orientations of the studies.
These groups have met during ‘muon weeks organized 3 to 4 times a year and have investigated the very rich physics program offered by a neutrino factory complex. The international community meets once a year at the occasion of the ECFA-sponsored NUFACT workshops. In addition seceral dedicated workshop were organised. The work of the study groups is summarized in a series of reports [1,2,3,4,5,6], which are in the process of being concatenated into a yellow report 

A Neutrino Factory is the ultimate tool for the precise study of neutrino oscillations including CP violation, and allows definitive neutrino scattering experiments. It is the first step towards a muon collider. In addition the high intensity proton source and associated storage rings offer the possibility of early high intensity low energy conventional neutrino beams, a large variety of experiments in muon physics, possibly in kaon physics if the energy is high enough, not to mention many applications in nuclear physics. 

From the accelerator point of view, the European studies as well as studies abroad [7] have come to the conclusion that a neutrino factory could indeed be built, although a substantial program of accelerator R&D will be necessary to reduce the cost and ascertain the performance. 

European R&D for neutrino factories. 

The neutrino factory was stated as one of the possible options for the future of CERN and the R&D for high intensity proton sources and neutrino factories explicitly described in the medium term plan of May 2001 [8]. In view of the financial difficulties of CERN, this program that had started end 1999 was cut in December 2001. 

This has made necessary a redistribution of the R&D efforts across European laboratories. The European Coordination and oversight group (EMCOG) was created in April 2002, under the chairmanship of Carlo Wyss, CERN director of accelerators. The group assembles representatives from the major European laboratories (RAL, PSI, Saclay, GSI, INFN Legnaro) and funding agencies (INFN, IN2P3) The mandate of the group has been defined [9]. The long term goal is to be in a position to propose a conceptual design report of a European Neutrino Factory Complex by the time of the LHC start-up. Four priority R&D items have been identified as follows, ordered from the source downstream. 

1. High Intensity proton driver

2. target studies

3. Horn studies 

4. Muon Ionization cooling experiment. 

These four points require different skills and apply to different laboratories or universities. The proton source studies are still supported at CERN and elsewhere. Together with high power target studies, they offer important synergies with other studies for nuclear physics applications. Early implementation of an intense proton source could have beneficial effect on intensity in the CERN accelerators.  The muon ionization experiment has been taken up in the framework of an international collaboration [10] and is in the process of being proposed at RAL where a letter of intent has been positively received [11]. 

The EMCOG has given mandate to Helmut Haseroth to pursue the work of the accelerator working group on a Europe-wide basis. (European Neutrino Group, ENG) 

The group is presently actively working on setting up the collaborations. In close collaboration with an ECFA initiative, it is preparing a proposal to the European Union under FP6 – either as Integrated Infrastructure Initiatives (I3) or as design studies.  

Continuation of the ECFA physics studies

Neutrino oscillation physics is still in a state of rapid changes. The key oscillation parameters are still  uncertain and the detailed design of neutrino beams and experiments depends on them. Furthermore, new ideas keep coming up in this field and must be followed up. An example is the new concept of beta-beam [12], for which it is planned to organize a workshop in March 2003. Finally it is quite important to understand the road map of neutrino oscillation studies, so as to establish the possible status at the time a new facility will be proposed. For this reason we believe that the continuation of a strong Neutrino Oscillation Working Group, working in close connection with the accelerator working group ENG, is necessary. 

Request from ECFA

We would like to request from ECFA the endorsement of the continuation of the Europe-wide physics studies of future neutrino facilities, in conjunction with the ongoing efforts in the accelerator sector.  

Geneva, 14 November 2002

Alain Blondel

chair, the steering group of the ECFA sstudies of a European Neutrino Factory Complex
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