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1. Introduction
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 probably the most important event in particle physics in the last ten years. It opens a field of research that 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. 

University of Geneva has been involved actively since the nomination of Prof. A. Blondel in early 2000 in the definition of this future program, with focus on those experiments which could first reveal the so far unobserved transitions from electron neutrinos and muon neutrinos at short wavelength, and on a longer term on the facilities needed to precisely measure mixing angles and mass differences, and establish CP violation. The ultimate tool in this endeavor is a neutrino factory based on a muon storage ring; this is a challenging novel accelerator for which a substantial R&D program is needed. Meanwhile, this research is likely to be dominated by large water Cherenkov detectors operating on low energy conventional or off-axis neutrino beams from pion decay. By end 2002, the program of research of a neutrino group at the University of Geneva has been defined for several years, combining Neutrino Factory R&D (MICE) with participation in ongoing experiments (HARP, K2K).  

The activities of the group in the years 2000-2002 have been as follows.

· Management of the ECFA sponsored study groups and of the European R&D (A. Blondel)

· Physics studies of neutrino oscillation experiments with superbeams and neutrino factory (A. Blondel, M. Campanelli, S. Gilardoni, M. Fechner, R. Piteira, G. Santin) 

· R&D on target and pion collection, design, construction and tests of a horn prototype (A. Blondel and S. Gilardoni) 

·  Participation in the construction, data taking, software and now analysis of the HARP experiment (A. Blondel, S. Borghi, M. Campanelli, , JJ. Gomez Cadenas, V. Grichine, C. Morone, G. Prior, G. Santin) 

· Preparation of a muon ionization cooling experiment MICE, of a Letter of Intent and of a proposal. (A. Blondel, M. Campanelli, S. Gilardoni, V. Grichine, J. Krasnohorsky, L. Malgeri, G. Santin). This proposal with A. Blondel as spokesperson is under review at the Rutherford Appleton Laboratory.  

· The HARP activities lead naturally to a participation in the Japanese neutrino program, with the experiment K2K and possibly at a later stage in the J-PARC to SuperKamiokande experiment. (A. Blondel, S. Borghi, A. Cervera, M. Fechner) 

These activities are described in the 3-years report
. The DPNC general meeting in July 2002 endorsed the creation of a neutrino physics group in the DPNC and a program of activities, which should be as follows in 2003-2004: 

· completion of the HARP experiment and exploitation of the results for i) space applications and ii) calculation of the K2K neutiino flux.

· completion of the measurements of neutrino factory horn properties

· participation in the K2K experiment

· participation in the MICE experiment

· continuation of activities related to neutrino factory R&D and physics studies

2 Completion of the HARP experiment

The physics objective of HARP is a systematic and precise study of hadron production for beam momenta between 2 and 15 GeV/c for target nuclei ranging from hydrogen to lead. Existing data in this energy range is usually old and spans over limited parts of phase space. The experiment was approved on 17 February 2000 and began to take data with a complete apparatus by August 15 2001.  The data taken in 2002 represent a very extensive coverage of energies and targets, including the targets of the K2K neutrino beam and of the Mini-boone experiment at Fermilab. A summary can be found in table 1. In addition, data were taken with a water target and a beam momentum of 1.5 GeV/c, in order to verify the ratio of production of negative to positive muons, which is a crucial ingredient for the analysis of the LSND data in the Los Alamos experiment.
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Table 1: data taken by the HARP experiment in 2002.

The contribution of University of Geneva has been mostly in the TPC, for which we provided most of the ADC electronics and participated in the construction, assembly, online and maintenance. In addition we assume responsibility for the TPC clustering, track reconstruction and vertexing, with the work of Silvia Borghi, Cristina Morone, Gersende Prior. The picture of a HARP event with the reconstructed tracks can be seen in Fig. 1.  
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Fig. 1: 3D view of a 12 GeV/c proton interaction in the HARP TPC, showing the raw TPC hits and the reconstructed tracks.
The performance of the TPC was assessed (S. Borghi, C. Morone) using cosmic rays, for which the track is separated in two halves by the inner tube dead shadow, allowing evaluation of the spatial resolution of the TPC and its performance for angle and in momentum reconstruction. The distribution of r-phi residuals shown in Fig. 2 indicates a resolution of 2.4 mm, which is a factor about 5 worse than expected. This was traced back to a faulty design in the CERN-made pre-amplifier circuits and has triggered a campaign of measurements to determine a cross-talk map to be corrected for offline. (G. Prior, S. Borghi). Presently the transverse momentum resolution is limited to about 20% at 200 MeV/c transverse momentum. Clearly the extraction of meaningful physics results will await correction for this effect. 

Future plans for the work in HARP involve the measurement of particle production with the  K2K targets, for which the connection between tracks in the forward direction and tracks in the TPC has to be developed This should be the subject of the thesis of Silvia Borghi. The other topic for which data are badly needed is the issue of strange particle production by low energy protons. Reconstruction of primary and secondary vertex, and V0 reconstruction, should be the thesis subject of Gersende Prior. 
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Fig. 2: left distribution of residuals in the HARP TPC; right: the test bench where the measurements of the cross-talk between channels are being performed.
Data taken with HARP are extremely valuable for many applications. They have allowed us to win a contract with a European Space Agency for implementation of hadronic cross-sections in GEANT4, allowing us to support visiting professor Vladimir Grichine for 2003.   

The funding for the completion of HARP is the object of a FORCE application. It involves the common fund contribution and a contribution to the dismantling of HARP, as well as part of the costs associated with the campaign of cross-talks measurements presently underway at CERN.

3. Completion of the Horn studies 

These will constitute the main experimental part of S. Gilardoni’s thesis. It is expected that most hardware necessary for the completion of the thesis will be paid by CERN. The results are expected to be subject of several presentations a at accelerator and particle physics conferences.  

4. Participation in the K2K experiment in Japan
 

The opportunity to participate in a real long baseline experiment presently taking data presented itself as a combined consequence of i) our involvement in HARP where particle production in the K2K targets is being measured, and ii) the workshop on a large underground detector
 in January 2002, where the long term value of large water Cherenkov detectors for neutrino physics, nucleon decay searches and astro-particle physics became apparent. 

In the K2K experiment, a neutrino beam generated by 12 GeV/c protons at KEK points towards the well known super-Kamiokande detector 250 km away. The relatively low proton intensity available at KEK limits the sensitivity of the experiment, but it should nevertheless be able to verify and improve the determination of the mass difference m213, which is so far only determined only by atmospheric neutrino experiments with a substantial systematic uncertainty on the neutrino flux. The knowledge from HARP data should help reduce the systematic uncertainty on the neutrino flux, which will soon become one of the limiting systematic errors [image: image10.jpg]


on this measurement. The agreement with the K2K collaboration is that this will be the main part of our contribution to the experiment. 
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Fig. 3 Artist’s view of the the K2K experiment layout

Fig 4.Left: neutirno event observed in the SuperKamiokande detector exposed to the neutrino beam from KEK. Right:  Spectrum of observed neutrino events. The black line corresponds to the expected flux, assuming no neutrino oscillations. The blue line shows the best fit to the expected flux assuming a normalization error; the red line is the best fit assuming neutrino oscillations. 

After a major accident in November 2001, the super-Kamiokande detector has been refurbished and is now taking data again. We will participate in the data taking starting in may 2003. It is expected that at least three DPNC theses will result from the participation to K2K, and University of Geneva has allocated a new post-doc position for this program. We will also follow possible developments for a higher intensity beam with the new accelerator in Japan, J-PARC, for which our expertise in horns for high intensity beams should be precious. 

The experiment has recently produced a first paper
 which has measured the neutrino oscillation parameter 1.5< m213 <3.9 ev2 @ 90 % confidence level, a value consistent and of similar precision with that obtained previously using atmospheric muon-neutrino disappearance in the Super-Kamiokande experiment. The current data taking period, which will accumulate about twice the already collected statistics, should therefore allow an improvement in the determination of this parameter, provided the systematic errors are under control. The beam related statistics are reduced with a set of near detectors, including a 1kton water Cherenkov detector and a scintillating fiber detector. 
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Fig.4 Up: layout of the K2K beam line; down: description of the near detectors, with the 1kton water Cherenkov detector and the scintillator detector with calorimeter and muon detector.
The extrapolation from the near to the far detector depends critically on the hadronic production model. This can be seen in Fig 5, which is a table of systematic errors extracted from the latest K2K publication. The baseline being 250 km, the maximum of oscillation takes place for 500 MeV neutrinos. The energy range below this value has therefore a very high weight in the determination of the oscillation parameters. As seen in Fig 5, the relative error on the flux in this region is presently of the order of 50%. The HARP data taken with the K2K production target will be of great importance to improve this uncertainty, which would otherwise limit completely the precision obtainable in the coming run.  
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Fig 5 Table of systematic errors from the K2K publication.
The agreement with the K2K collaboration is the following: our participation will involve taking shifts on the near detector station, on the Super-Kamiokande detector, (a total of about 25 shifts per year for each of us) and taking a leading role in the analysis of the data taken with HARP on the K2K target; it will also involve an initial contribution to the experiment (entrance fee) of 10 000 US$.  

5 Accelerator R&D towards a European Neutrino Factory Complex
In spite of the spectacular success of the neutrino physics program in Japan, it is essential to pursue the successful undertakings in accelerator R&D in Europe towards a Neutrino Factory. 
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Figure 6. The CERN baseline scenario for a Neutrino Factory Complex


Following an encouraging prospective study in 1998
 a Neutrino Factory Working Group was created in 1999 by the CERN management. 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
. This program made significant contributions leading to a CERN-baseline design for a Neutrino Factory
, with original concepts for the pion collection with horns, for the cooling channel and for the decay ring of triangular shape (Fig. 6).

In view of the financial difficulties of CERN, this program that had started mid-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) (A. Blondel is scientific secretary). The mandate of the group has been defined
 and priorities set 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 EMCOG is presently actively working on setting up the collaborations and bids for placing request to the European Union under FP6 – Integrated Infrastructure Initiatives (I3) and under design studies. This is done in the context of the ECFA-sponsored effort towards accelerator R&D in Europe. Encouraging results have been obtained, with RAL actively supporting the muon cooling experiment, and IN2P3 taking responsibility for the horn development. These accelerator studies are accompanied by an ECFA sponsored physics study activity, chaired by A.Blondel. 

While it is probable that our involvement with horns will be reduced after Simone Gilardoni’s thesis, some collaboration between LAL Orsay, CERN and ourselves will continue. Our efforts will concentrate on the MICE experiment. 

6. International Muon Ionization cooling experiment (MICE) 

Cooling is an important component of a Neutrino Factory, both in performance and cost. The group is participant in the International Muon Cooling Experiment, the success of which is a  crucial milestone in the demonstration of feasibility of a neutrino factory. Alain Blondel initiated the concept of the experiment
, and was asked to convene the steering group in charge of setting up an international collaboration and acts now as European spokesperson of the collaboration. 

The basic aims of the experiment
 and a baseline scenario were defined and a letter of Intent submitted to the Paul Scherrer Institute (PSI) and to the Rutherford Appleton Laboratory. A total of 140 authors and 40 institutes, including several teams from large laboratories around the world (Fermilab, CERN, Brookhaven, Berkeley, Legnaro and RAL) are participating in this effort. The directors of RAL and PSI agreed to collaborate on this experiment, PSI providing a beam solenoid to allow RAL to provide a high quality muon beam for the experiment. 
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Figure 7: layout of MICE, the International muon ionization cooling experiment.
Following the encouraging review by a panel of experts from PPARC and CCLRC (RAL)
, a proposal
 was submitted 10 January 2003 and is presently under review. 

The MICE proposal is attached to this request. Besides the role of spokesperson played by A.Blondel, the University of Geneva is involved in the tacking system, a crucial device since it will have to determine the emittance of the incoming and outgoing beam with a precision of 10-3. As a continuation of our activity in the HARP experiment, we are concentrating on the development of a TPC with GEM readout. We have started to build a prototype GEM readout chamber in collaboration with Legnaro (U. Gastaldi), Bari (E. Radicioni) Napoli (G. Serracino)  and CERN (F. Sauli ). A program of tests of this device will be carried out in 2003 to ascertain its viability in the environment of MICE with a large flux of x-rays. This new technique can have many other applications such as detectors for future e+e- colliders. Our responsibility is the (very delicate) design and construction of the hexaboard readout plane (see Fig. 8,9) 

Participation in MICE installation and beam characterization will follow in 2004-2005 and should culminate with the first ever measurement of a beam emittance with a precision of 10 -3. This will constitute excellent diploma thesis topics and, funds permitting, PHD thesis topics. 

The Swiss contribution to MICE is presently being elaborated. It will involve contribution to the beam line with the PSI solenoid, and contribution to the tracking device. A possible contribution to the spectrometer solenoid is under discussion. These will be the object of a dedicated request to the Swiss National Fund. 
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Figure 8  MICE-TPG upstream detector. Muons enters from the left. 1: GEM-1 foil; 2: GEM-2 foil; 3: GEM-3 foil; 4: hexaboard; 5: Board (for hexaboard support, gas seal and signal connectors); 6: readout flange; 7: front-end electronics support and EM shield; 8: field cage termination; 9: field cage; 10: TPG isolating container; 11: TPG peripheral grounded shield; 12: HV inlet for drift electric field; 13: HV thin metallized foil cathode; 14: HV thin metallized foil gas seal; 15: HV foil support (insulating tube); 16: grounded thin foil seal; 17: TPG–LH2-absorber integration connection flange (schematic).
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Figure 9 TPG readout: left:  3 GEM foils provide amplification onto the hexaboard. Right: the hexaboard with one third of the pads (blue) connected in strips at 30o, one third at 150o
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