HARP and K2K (Uni-Geneva)

The HARP experiment at CERN is a service experiment whose main goal is to measure the relatively poorly known production of pions and kaons by protons of 2 to 15 GeV/c incidents on various targets (from hydrogen to lead). These data are aimed primarily at clarifying particle production rates at low energies which are important for the design of future neutrino facilities, such as a high intensity beam from CERN SPL of for a neutrino factory. These data are also of interest for the determination of the cosmic ray fluxes, and in particular of atmospheric neutrinos. The data are also of interest for the understanding of the damage to spatial vessels. In addition, data were taken with the actual targets of two running experiments, the MINIBOONE experiment at Fermilab (USA) and the K2K experiment in Japan. Data taking was completed at the end of 2002 with statistics of more than 106 interactions per beam and target setting.  Analysis is underway. The main contributions of UNI-Geneva were in the beam detectors and in the inner detector, the TPC, and in particular the TPC reconstruction program and analysis, and now concentrate on extracting the necessary production for the K2K experiment.  
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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.
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Fig 3.1.4 .top Artist’s view of the the K2K experiment layout.  Bottom 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. 

The K2K (KEK to superKamiokande) experiment in Japan is sketched in Figure 3.1.4 A neutrino beam created by incident protons of 12.9 GeV/c on an aluminum target at the KeK laboratory in Tsukuba is shot over a baseline of 250 km to the well known Super-Kamiokande detector. The typical wide-band beam  spectrum is peaked around 1 GeV. First observation of neutrino disappearance, 56 events observed instead of 88 expected in the SuperK detector,  has been reported from data taken from 1999 until November 2001. Then, a chain reaction provoked implosion of nearly two-thirds of the 11000 Photo-Multiplier tubes. The experiment is running again since early 2003. The involvement of the DPNC is in the use of the HARP data to improve the knowledge of the low energy part of the neutrino spectrum (below the oscillation maximum at 500 MeV neutrino energy); this is crucial for the observation of  reappearance, a definite proof of oscillations. The experiment should also provide a substantial improvement in the measurement of the ‘atmospheric’ mass difference term m213and produce a first acceleratorsearch for the  → e  oscillation. Data taking will last until 2005, with analysis expected until 2007. The neutrino flux is still modest , but should increase substantially with the advent of J-PARC, see chapter 4. 
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