3.2 Activities in Accelerator R&D.

Accelerator R&D is essential to progress in the field of particle physics, and institutes in Switzerland are engaged in R&D towards future facilities. Of crucial importance to Switzerland is the development and exploitation of CERN facilities, and this will be the subject of a discussion and recommendation in Section 4. Ongoing activities relevant to possible future accelerator facilities, first at CERN and then elsewhere, include: 

a) R&D for a multi-TeV e+e- Collider (CLIC). The primary accelerator project at CERN is towards a multi-TeV e+e- Compact Linear  Collider (CLIC) which could operate in the range 0.5 – 5 TeV. At the present time, CERN is developing a Test Facility (CLIC TF3) to test aspects of its novel drive beam acceleration technique. The Lausanne group contributes to R&D on the drive-beam, the nanometric stabilization of the magnets, and the damping ring optics. The CLIC acceleration technique is not yet judged sufficiently mature for use in a Linear Collider of 0.5-1 TeV. 

b) Protons at CERN, the SPL. A key to future CERN development will be an increase in the available proton intensity (for example, for an upgraded LHC, for future intense neutrino beams, nuclear physics, as EURISOL driver, and for material sciences). As a result, the 2nd major R&D effort at CERN is the SPL (Superconduction Proton Linac) project to provide a 4 MW proton injector. PSI has unique experience in this field at its 1 MW proton synchrotron, and participates in the international MEGAPIE project, aiming ultimately at the transmutation of nuclear waste and other applications. It will have direct application for the high power target stations needed in the context of the SPL. 

c) Future intense neutrino beams at CERN. University of Geneva participates to the hadron production (HARP) experiment at CERN, mentioned in chapter 2, which is important for the design of future high-intensity neutrino facilities, in particular at the aforementioned SPL. The magnetic horns that would be necessary for neutrino beams at the SPL have to stand unusually high repetition rates and radiation levels. These studies have been undertaken at CERN in collaboration with University of Geneva; a horn prototype has been calculated, built and characterized, before the nominal higher currents and repetition rates can be applied. 

The Neutrino Factory based on muon storage rings is the tool of choice for the study of neutrino oscillations, including leptonic CP violation. It is also the stepping stone towards muon colliders. A key ingredient for the realization of this ambitious accelerator is ionization cooling of muons. This has led to the design and proposal of a Muon Ionization Cooling Experiment (MICE), in which University of Geneva plays a leading role. The experiment will take place at RAL in the UK. The proposed contribution of Switzerland consists of the use of a beam solenoid from PSI, loan and refurbishing of CERN equipment for the RF source, and a major contribution in the spectrometers. The foreseen detectors have stringent requirements on precision and stability, and on robustness against electromagnetic backgrounds (these are similar requirements as for the tracking detectors at future e+e- colliders). University of Geneva is presently building a prototype TPC with Gem readout in collaboration with Italian groups. 
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Figure: Layout of the International Muon Ionization Cooling Experiment, MICE. A 200 MeV/c beam enters from the left and its properties precisely measured in the first spectrometer. In the central part, cooling takes place as muons are successively slowed down in hydrogen absorbers and re-accelerated by RF cavities. In the second spectrometer, on the right, the cooling effect is measured precisely and compared with theoretical predictions with a precision of 10-3.  

d) Sub-TeV e+e- Collider.  Of enormous topical importance is the proposed construction of a Linear e+e- Collider  in the energy range 0.5 - 1 TeV. This world project is discussed in Section 4; the proponents are pushing for a decision on the preferred acceleration technology by the end of 2004. The most advanced acceleration R&D is that using high-gradient superconducting cavities, developed at DESY. Since this has a major overlap with future synchrotron light sources (free-electron lasers), PSI is participating with CERN and DESY on aspects such as nanometric beam stability, beam diagnostics, and high gradient acceleration.

e) Participation in the European Initiative for accelerator R&D. 
The future of particle physics hinges critically on progress in accelerator technology. Following the extremely stringent cuts on accelerator R&D that were necessary at CERN in 2001 to ensure completion of the LHC, it has become evident that the accelerator R&D has to be performed in collaboration between European Laboratories and Universities. This has led to a European initiative under the auspices of ECFA (European Committee for Future Accelerators) to propose a series of funding proposals to the European Union within the 6th Framework. The first proposal, CARE (Coordinated Accelerator Research in Europe), has been approved by the EU on 31 July 2003. It includes funding for improvement of existing facilities, with the following Networking Activities (NA) and Joint Research Activities (JRA), and the participation of Swiss institutes in them: 
Networking Activities 

Activity N1 - Management of CARE …………………………………….……………………………….. PSI
Activity N2 – Electron Linear Accelerator Network  (ELAN)………………………………...PSI, ETHZ 

Activity N3 – Beams for European Neutrino Experiments (BENE) UniGe, UniNe, UniBe, PIUZ, PSI
Activity N4 – High-Energy High-Intensity Hadron Beams (HEHIHB)…PSI, ETHZ,CRPP-Lausanne
JOINT RESEARCH ACTIVITIES

Activity JRA1 –  Superconducting Radio Frequency Cavities (SRFCAV)

Activity JRA2 –  Superconducting Radio Frequency Technologies (SRFTECH)…………………….PSI
Activity JRA3 – Photo Injector (PHIN)…………………………………………………………………ETHZ

Activity JRA4 – High Intensity Pulsed Proton Injector (HIPPI)…………………………….

Activity JRA5 –  Next European Dipole (NED)………………………………………………..

Activity JRA6 – GAN Multi-purpose Virtual Laboratory (GANMVL)………………………

The forthcoming proposals (Design studies) will aim at developing technologies for future accelerators. Swiss institutes will participate in the design study proposals for Future Neutrino Beams, and for Linear e+e- colliders. 

