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Introduction
A neutrino factory based on a muon storage ring is the ultimate tool for studies of neutrino oscillations, including possibly leptonic CP violation. It is also the first step towards (+(- colliders. This constitutes one of the possible future options for CERN [1]. Participation of experimentalists in the accelerator studies and in particular in the necessary R&D program [14] is more than welcome given the novelty of the problem and the scarcity of machine experts in general and on this subject in particular. 

The University of Geneva participates in this R&D in close connection with CERN. The activity includes conceptual design studies, physics studies, and participation in R&D experiments. The group includes now one professor and several students at the PhD and diploma levels. Pr. Alain Blondel has been one of the early proponents of this option for Europe and serves presently as chair of the ECFA- and CERN-sponsored studies. 

The activities of the group in the last year have been as follows.

Target and pion collection. Simone Gilardoni participates in the design and simulation of the pion production target, and in the magnetic horn collection system [2,3,4]. This has led to a baseline design of a horn for the neutrino factory. This horn design, shown in figure 1, is presently bing built and will be tested from December 2001 onwards, first with  low currents and low frequency to characterize the mechanical response of the horn, then with high currents (up tp 350 KA) and to high frequency (up to 50 Hz). 
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Comparison of the horn and the more conventional solenoid capture [5,8] shows that the horn performs at least as well. Studies are underway to improve the performance of the system, either by splitting the problem into several horns [7] or by adding the focusing power provided by a current pulsed through the liquid mercury target itself [9] 

Low energy conventional horn focused neutrino beam.

This work on target and horns has been used for the simulation of a low energy conventional horn focused neutrino beam [6,7] for oscillation studies [11, 12], which have been the topic of the Tesi di Laurea of Mauro Donega [13]. One of the interesting options for CERN the SPL, a high intensity proton linac [15] that could be built at CERN in collaboration with European institutes, re-using the LEP superconducting cavities. Our studies have shown that the neutrino beams that one could obtain from this machine are very competitive, surpassing the present limits on the 
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oscillationsby two orders of magnitudes, though falling short of what could be done with a neutrino factory by, also, two orders of magnitude. The sensitivity to CP violation was also studies and showed interesting sensitivity, provided a very large watrer Cerenkov detector (400 kton fiducial mass) could be fit at a distance of around 100 km from CERN. This is, incidentally, the approximate distance of the Fréjus tunnel. Such a large underground location could opportunistically be excavated taking advantage of the necessary upgrade of the road tunnel. This realization has stirred great interest in the French neutrino community, and a workshop is organized in January 2002 to evaluate this possibility. 
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Figure 2 Possible low energy superbeam layout. 
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Fig 3.CERN to Fréjus  Superbeam studies: right: sensitivity to 
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oscillations. For comparison the present limit is around 10% and the neutrino factory reach is around 5 10-6. Left: sensitivity contours to CP violation (obtained by comparing neutrino and anti-neutrino oscillations). Each “potato”corresponds to 1 (, 95% and 99% C.L. contours for 10 years of data taking with a 400 kton water Cernekov detector.

Neutrino Factory physics studies 

Alain Blondel has studied (also with Mario Campanelli) the relevance of the muon polarization as a tool to select muon anti-neutrinos or electron neutrinos in the beam produced by muon decay, with the conclusion that the main interest remains that of  energy calibration. [16,17,18] 

As coordinator of the studies, he also contributed to the low energy muon group. [19], and to the definition of the accelerator R&D baseline scenario and working plan [14]. 

Rodolphe Piteira from Ecole Normale Supérieure de Paris has studied the principle of a muon beam divergence measurement in the muon storage ring of a neutrino factory [20].  

The pion production experiment HARP 
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. The experiment was approved on 17 February 2000 after which the construction of the experimental apparatus started. Geneva has been involved with the construction of the TPC readout and electronics, to which Silvia Borghi and Gersende Prior have remarkably contributed.  The TPC was finished by July 2001 and the whole apparatus began to take data by August 15 2001 [21].  Cristina Morone has taken an important role in the data acquisition of the experiment, in particular for the TPC readout.  
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Figure 4 One of the motherboards of the TPC readout sector chambers, showing the ”micro-flex” cables. 
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On the whole the HARP detector was built from some refurbished equipment but the TPC was entirely new. Given the very short amount of time available, the construction of the TPC went remarkably although some difficulties were encountered, in particular with the micro-flex cables which connect the densely packed chips of the 4000 preamplifiers of the TPC pads with the driver channels. After this was solved by an intense campain of repairs, the TPC was commissioned, with nearly 95% of the 4000 pads being efficient. The only known problem with the TPC is the data volume per event which is too high, because of noisy pads. Applying more stringent cuts in the readout, to suppress empty channels, can eliminate this problem. However, this can only be done after a detailed calibration of pulseheights and pulseshapes.  

One of the first events recorded in the TPC can be seen in figure 5. The reconstruction and analysis software is now the object of a large amount of work; University of Geneva is intensely involved in this, Gersende Prior on the calibration of the TPC, Silvia Borhi on the pattern recognition and clustering algorithms, Cristina Morone on the track fitting and vertex reconstruction 


Figure 5 One of the first interactions  in recorded in the HARP TPC. 

HARP has been running since 15 August with high efficiency, and by the end of the run period in November  expects to have performed the following measurements.
.thin Be,Al,Ta and Pb targets at momenta 3,5,12 and 15 GeV/c positive and negative;

.thick Ta and Pb targets at +3 GeV/c

.some K2K target measurements at +12.9 GeV/c

.some MiniBooNE target measurements at +8 GeV/c

HARP is approved for 2001 During the winter shutdown,several minor repairs (e.g.the broken micro ..ex cables in the TPC) will be undertaken.However,no major detector upgrade or new construction is planned. HARP is approved for 140 days of running in 2002, during which a large variety of beam settings and targets will be used, including cryogenic targets.  

International Muon Ionization cooling experiment ((-ICE)

Cooling is an important component of a Neutrino Factory, both in performance and cost. The group is participating in the elaboration of an International Muon Cooling Experiment, the success of which should be a crucial milestone in the demonstration of feasibility of a neutrino factory. Alain Blondel initiated the organization of several workshops on the subject [21], and was asked to convene the steering group in charge of setting up an international collaboration.

The basic aims of the experiment [22] and a baseline scenario have now been defined and a letter of Intent to the Paul Scherrer Institute (PSI) is being prepared. A total of 40 institutes, including several teams from large laboratories around the world (Fermilab, CERN, Brookhaven, Berkeley, Frascati Saclay and RAL)are  participating in this effort. 

 The instrumentation for this cooling experiment is very specific and requires preliminary investigations. The group will be welcoming a student fro Ecole Normale in January 2002 to perform a test of exposure of silicon detectors or scintillating fibers to RF radiation. 
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Figure 6: layout of a muon ionization cooling experiment. 
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