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The department is currently engaged on researches in three areas where the potentials of major discoveries are among the highest in particle physics in the coming 10-15 years: Hadron Collider physics, neutrino physics and particle physics in space. The principal goals of particle physics in the coming decades are two fold; one is the unification of all four forces, and the other is the connection of the cosmic evolution to the particle world, in particular the elucidation of the origins of matter-antimatter asymmetry, of the dark matter and of the dark energy. All three areas mentioned above are directly related to these questions. In this sense the department is well embark on several paths that will lead to the final destination. The aim of document is to envisage ahead how these paths will evolve in the time framed of 10 to 15 years. 

To facilitate discussion, and to better relate current activities to future experiments, we will organize the roadmap in three paths (experiments in block letters are those that the department is currently participating): 

A) The path of energy frontier: CDF, ATLAS, LHC upgrade, Liner collider, …

B) The path of neutrino physics: HARP, K2K, MICE, off-axis detector, super beam, neutrino factory, …

C) The path of cosmic connection: AMS, GLAST, SNAP, … 

Path A. The Path of Energy Frontier

A.1 Current Activities

DPNC is well positioned in researches in the highest energy frontier with the participations in CDF and in ATLAS. The scientific staff of the group consist currently 2 PO, 2 MER, 5 MA and 7 Candoc. 

The current scenario on Tevatron luminosity envisaged by Fermilab is a total integrated luminosity of 8 fb-1 by 2009. Although this scenario severely limits the ambitions on Higgs of the experiments, this important data set still represents the best chance of probing TeV scale physics (SUSY, extra dimensions, etc.) before LHC experiments start producing good quality data, most likely after 2008.

The group’s CDF activity is currently focused data analyses. Although discussion is ongoing within the collaboration to upgrade SVT, it is unlikely that DPNC will take a major role in hardware if it is decided to go ahead. The plan is thus to push forward with analyses while fulfill our obligation in the maintenance of the SVT and the general detector operation duty. We expect to slowly reduce our effort on CDF when the full detector commissioning of ATLAS gets under way, likely in 2006.  

The group has two major responsibilities for ATLAS in the Silicon Tracker (SCT) and the Liquid Argon Calorimeters (LArg). In SCT, the main responsibility is the production of 624 forward modules in the coming 2 years. At the mean time efforts have started to focus on SCT commissioning. In Larg the group is the leading institute for the design and construction of the Readout Driver (ROD) board. After final prototype system test the mass production of 200 ROD boards will be launched by 2004.

In view of performing ATLAS physics analysis as soon as the first data arrives, the group has starting to investigate various interesting physics channels, as well as following up the development of the ATLAS reconstruction and simulation software. DPNC is involved also in the important effort needed in setting up computing facilities in Switzerland, as well as in understanding how to optimize the time taken for the simulation of complex events in the ATLAS detector. 

It is evident that the ATLAS activities for the period of 2004-2007 will concentrate on construction, commissioning and preparation of the data analysis framework. Once good quality data is available the focus will be on data analyses to assure participations in major discoveries. The ATLAS experiment is designed to last for at least 10 years, although many interesting physics results should come within the first 5 years. Therefore we should plan on intensive data analyses effort for the period of 2007-2017.    

*) I certainly hope -- and suspect – that the analysis will be spread over a much longer time than 5 years!!!  

A.2 Energy frontier beyond ATLAS

A.2.1 LHC upgrade

Experience told us that once an accelerator woks well, it is always advantageous to have an upgrade to push the physics reach one step further. LHC will not be an exception. However there is not yet a well-defined plan to upgrade the machine either for higher luminosity or higher energy. It depends on one hand on machine R&D efforts, and on the other hand on what will be discovered by LHC. It is unlikely that any LHC upgrade will be realized before 2015.

Since the department has made very important investment on ATLAS, it is possible that we can take part in the new physics program without substantial new detector hardware engagement.    

A.2.1 Liner Collider 

It is now a worldwide consensus that a next generation electron-positron Liner Collider (LC) in combination with LHC will enable to fully mapping out the physics in the TeV scale. It is therefore essential that a department of particle physics participate in an experiment at the next LC. However the major question remains that the approval of the construction of a LC is not yet a sure thing, and is in any case still many years away. In the roadmap we assume the following scenarios:

a) Approval for the construction of a LC (< 1 TeV) in Europe in 2007 (before LHC operation) with construction by 2015;

b) Approval for the construction of a LC (< 1 TeV) outside Europe in 2007 with construction by 2015;

c) Approval for the construction of a LC inside or outside Europe after a data taking period at the LHC.  

(here come the answers to the questions in Allan’s email to Alain)

Path B. The Path of Neutrino Physics

Neutrinos physics has been in the limelight since neutrino oscillations were finally established in 1998, and with them the fact that neutrinos have mass. These facts constitute strong evidence of physics beyond the Standard Model; they opens a large number of questions pertinent to the origin of fermion’s masses, while three-family neutrino mixing naturally leads to leptonic CP violation, a key ingredient to explain the baryon-antibaryon asymmetry of the universe. This justifies an important investment in accelerator-based beams and experiments. 

The longer-term goal for accelerator-based neutrino activities is determined by the possibility to measure accurately the neutrino mixing parameters (value and sign of the neutrino mass differences, and values of the mixing angles) and would culminate with the discovery of leptonic CP violation. The observation of CP (or T) violation absolutely requires appearance experiments, which rules out experiments with neutrinos from the sun or from nuclear reactors. The most promising tool for its observation is the 
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 oscillation at small wavelength. This transition has not been observed yet, being driven by the small angle 
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, but, for the very reason of its smallness, should exhibit observable asymmetry with the corresponding antiparticle oscillation 
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. This explains the emphasis to be given to experiments sensitive to this process at baselines of typically L/E = 500 km/GeV.

B.1 Current Activities

DPNC has been active in this field since the nomination of Pr. Alain Blondel in 2000. The group, constituted of 1 PO, 2 MA, 4 Can-docs (of which 2 are CERN doctoral students), and several invited members, has been active in the definition of a future neutrino physics program for Europe, while taking part in the HARP experiment at CERN, the K2K experiment in Japan and promoting R&D for neutrino factories, with the International Muon Ionization Cooling Experiment (MICE) at RAL.

B.1.1 The HARP experiment

The HARP experiment 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 incident on various targets (from hydrogen to lead). The experiment was proposed in early 2000, and ran in 2001 and 2002. Data taking is now completed and analysis is underway, with more than one million interactions recorded for each of over 200 settings. The main contributions of DPNC were in the beam detectors and in the inner detector, the TPC, and in particular the TPC reconstruction program and analysis. 

These data will be precious as input for the calculation of performance of future facilities (neutrino factory or low energy neutrino beam), for the calculation of the flux of atmospheric neutrinos, and for the evaluation of the neutrino flux for the ongoing experiments Mini-boone and especially the K2K experiment.(see below). The data are also interesting as input for the simulation codes of strong interactions and we are collaborating with GEANT4.  It is expected that the data analysis will be finished by end 2004 – early 2005.  

B.1.2 The K2K experiment 

In the K2K experiment, a neutrino beam created by incident protons of 12.9 GeV/c on an aluminum target, 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 has been reported, and the experiment is now taking data. 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Data taking will last until 2005, with analysis expected until 2007. 

B.1.3 J-PARC to Super-K

A natural channel to observe 
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 transitions is to search for electron neutrinos in a muon neutrino beam. The water Cherenkov Super-Kamiokande detector is efficient for electrons and is certainly the largest neutrino detector in use. The sensitivity is normally limited by i) the limited intensity of neutrino beams at long distance ii) the ability to observe  
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in presence of backgrounds from 
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’s, iii) the intrinsic background due to electron neutrinos in the beam. 

The newly approved high-intensity Japan Proton Accelerator Research Center J-PARC can offer 50 GeV protons with beam power of up to 0.75 MW with upgrade possibilities of up to 4 MW. The conventional neutrino beam design foresees to use the beam at an angle of about two degrees, which offers the advantage of creating a kinematical peak of neutrino energies at about 600 MeV (a good match to the distance of 300 km to Super-K); furthermore 
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production at this energy is small, and the beam electron-neutrino background which comes from three body decays, does not peak at the same energy. 

The sensitivity of this experiment to the observation of the 
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 transition should allow a measurement of the neutrino mixing-angle 
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 if its value is in excess of 2.5 degrees (the present limit is around 13 degrees). DPNC has signed the letter of intent and foresees to participate in the design of the beam. The J-PARC international scientific committee has recommended the neutrino program as highest priority, and decision on approval is expected early 2004. The data taking under these condition would start in 2008 and last 5 years. 

The future development for this program is the increase in intensity for the proton source, and possibly the construction of a very large Water Cherenkov detector (‘Hyper-Kamiokande’) with a fiducial mass in the order of 500 ktons to 1000 kton. This could be considered around 2012. At this level of proton intensity and detector mass, sensitivity to the neutrino mixing-angle 
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 down to about 1 degree is achieved and some sensitivity to CP violation can be envisaged. 

B.2 Towards a neutrino factory

The major limitations of conventional neutrino beams from pion decay come from the limited knowledge of the neutrino flux, and the intrinsic contamination in the wrong type of neutrinos. To this effect, the standard approach is replaced by one where the decaying particles are accelerated and stored. This can be done with muons (Neutrino Factory) with a lifetime of 2.2 sor, somewhat more easily, with radioactive ions like 6He or 18Ne. 

In both cases a well-known beam of electron neutrinos is produced. These three possibilities shown in figure B.2.1  are somewhat different in scope, but as is evident from the picture they comport a certain number of common features, in particular the common use of a high intensity proton linac, the SPL, presently under R&D at CERN. 
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Figure : three future possibilities for CERN-based neutrino facilities ; i) CERN-based superbeam with a large Water Cherenkov in the Fréjus underground laboratory ; ii) a neutrino factory ; iii) a radioactive ion storage ring on the CERN site. The three possibilities are based on the superconducting proton linac (SPL) 

The first step could be a super beam. This step requires the proton driver, proton accumulators to reduce the duty cycle, and a very large water Cherenkov at a distance, which is nearly optimum at 130 km for the conventional neutrino beam generated by the SPL. A possible location for a long distance detector is thus the underground Fréjus Laboratory, where a very large excavation could begin in 2008 at the occasion of safety works mandatory for the nearby road tunnel. The possible detectors are a 500kton Water Cherenkov detector or a very large Liquid argon detector. University of Geneva has been involved in the calculation of the flux from this super beam and in the understanding of the event reconstruction of inelastic events in a Water Cherenkov detector. 

The following steps is further down the road and requires better studies before decisions can be made. Two options are open with different conceptual advantages. 

One possibility is the beta-beam. In this option, radioactive ions are produced according to the ISOLDE technique, stacked and accelerated (in e.g. the CERN PS and SPS) to about 100 GeV/nucleon and stacked again in a high energy storage ring. The main difficulties in this option are the possible activation of the CERN accelerators, and the difficulties in obtaining a sufficient flux of ions and stacking them in the storage ring. The lack of ressources for accelerator R&D at CERN is also a major difficulty. The main advantages are the possibility to use a great part of the CERN complex, the synergy with the EURISOL project, and the fact that, due to the similarity in the energy spectrum of the neutrinos, (energies around 200-500 MeV) the large detector is the same for the beta-beam and the super beam. The oscillation reach is down to one degree for neutrino mixing-angle 
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, and the possibility to compare oscillations from 
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 sources offers sensitivity to T violation, a remarkable feature. 

The other possibility is the muon storage ring. In this option the muons from pion decays are first cooled to obtain a beam of reasonable size, then accelerated to energies up to 50 GeV. The muon decay 
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 produces high-energy electron neutrinos, which can oscillate into 
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 which in turn interact producing a 
[image: image19.wmf]-

m

. The presence of high energy muon of the wrong sign is the signal for the oscillation process of interest.  This is a very clean signal with a reach in 
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which goes down to 0.2 degree, for which CP violation sensitivity remains high. The high energy a provides sensitivity to matter effects in the oscillations (the resonance is around 10 GeV) thus allowing determination of the hierarchy of neutrino masses, while the possibility to observe 
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 oscillations is unique. The muon based neutrino factory is also the first step towards muon colliders. 

University of Geneva is deeply involved in the definition of this future program and in the associated accelerator R&D. The HARP experiment has for aim to measure particle production by low energy protons to optimize the accelerator design.  The study of Horns for neutrino factory and super beam has been made in collaboration with CERN. 

A key ingredient in the neutrino factory and in the muon collider is the possibility to reduce the beam size by ionization cooling. This novel technique requires a demonstration of feasibility and we are leading the effort to carry out a Muon Ionization Cooling Experiment (MICE). The experiment has been proposed at Rutherford Appleton Laboratory (RAL) with some help for the beam line from PSI. The proposed contribution concerns the spectrometers, in which a high precision tracker imbedded in a 4T magnetic field should provide precision determination of the input and output emittance of a 200 MEV/c muon beam. [The tracker under development (a TPC with GEM readout) is also an interesting possibility for linear collider tracking detectors]. The experiment is in the approval process with strong recommendations from the relevant committees. The proposed schedule involves a gradual installation with engineering runs in 2006 and 2007, and the demonstration of cooling in 2008. 

Meanwhile the accelerator options will be studied by Design Studies, for which funding by the European Union under FP6 will be proposed. (Some funding has already been granted for networking activities).  

Path C. Cosmic Connection 
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C.1 Current Activities

DPNC is active in the AMS experiment.  

C.2 Reaching a New Level of Precision of Particle Physics in Space and Cosmology 

(Martin and Allan)
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