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Integrated activities:

Accelerator R&D for 

Future Neutrino Beams and Experiments

These activities cover 

1. the ECFA sponsored studies of a European Neutrino Factory Complex, in particular the Neutrino Oscillations Working group

2. the  European Accelerator R&D activities with priorities as defined/coodinated by EMCOG : 

2.1 (proton driver studies SPL) and accumulator rings

2.2 target and pion collection 

2.3 Front end: phase rotation and cooling

Studied in the context of the European Neutrino Group (chair Haseroth, secr. Edgecock) 

3. R&D experiments on the above subjects and progressive implementation 

     (HARP (finished)) 

     (High intensity proton machines) 

      Target experiment, 

       Horn studies, 

       MICE

Target and MICE are international collaborations already formed. Further target studies and Horn studies are less formal but building up. (Ravn, Autin, etc…) Should be reviewed at next EMCOG. 

Aim: to be in a position to propose (at CDR level) a major new machine for Europe by the time of the LHC start up.

The mutual interaction between the user’s community (the particle physicists) and the accelerator community (the accelerator physicists) is quite tight in this domain and absolutely needed for some of the experiments. This is a positive aspect to be stressed.

Data bases, web pages, sharing knowledge (which is rapidly disappearing due to retirement e.g. at CERN!) exploring trans-disciplinary fields (material resistance to radiation, computing methods of particle physics applied to accelerators, etc ….) 

??? In our  understanding: the integrated activities DO NOT allow the support for postdocs and PhDs and this is a pity. It is difficult to subsidize accelerator R&D in Universities (‘this is not our business...’) and to propose Thesis subjects pertaining to accelerator reseach. 

We believe/hope that these can be covered in the context of ‘design studies’

?
(? detector development?)

Design studies : (at a later stage)

1. end to end study of a neutrino factory complex

2 design study of beta-beam facility

are aimed at assembling the R&D results on particular points (which can be considered accelerator science) 

into a consistent picture of new facilities (using both standard and new technologies)

1. Networking activities 

          see proposal by Palladino 

NUFACT workshops (circa 150 people 1/3 from Europe)

(NUFACT School (Joint accelerator – particle physics school) )

‘Muon Weeks’ which should happen elsewhere than CERN (3-4/yr)

Neutrino Oscillation Working group and ENG group(s)

Dedicated workshops

mutual visits for studies and meetings in the context of NOWG and ENG

 4 years for a community of about 40-100 people 

-> 800 – 1000 K€
***large participation from universities***

2. Transnational access to research facilities

there are several labs in which exist testing facilities for 

1. (High intensity proton machine) 

2. targets and pion collection 

CERN (Isolde), RAL, PSI…  for targets and material studies

CERN for Horns (CNGS horn test area)    

3. muon beams for cooling studies (RAL, (PSI))

funding for MICE travel at the occasion of running-in and installation of detectors in the site should come in this category.

(proposal for this section drafted by K. Long for RAL) 

3. Joint research projects

The experimental activities should be as recommended by EMCOG:

1.High intensity proton activities

2. Targetry tests 

3. Horn tests  

4. MICE

MICE is an excellent example of a international collaborative effort. It is also the thrust of the neutrino factory R&D. Collaboration is formed, proposal to RAL will be submitteed 

MICE Participating institutes 
(In parentheses: contact person in each institute) 

 

Louvain La Neuve (G. Grégoire)

 

CERN** (H. Haseroth)

 

NESTOR Institute (L. Resvanis)

University of Athens (L. Resvanis)

Hellenic Open University (S. Tzamarias)

 

INFN Bari (G. Catanesi) 

INFN LNF Frascati (M. Castellano, L. Palumbo)

INFN Legnaro (U. Gastaldi) 

INFN Milano (M. Bonesini)

INFN Padova (M. Mezzetto)

INFN Napoli (G. Osteria) 

INFN Roma I (L. Ludovici)

INFN Roma II (L. Catani)

INFN Roma III (L. Tortora)

INFN Trieste (M. Apollonio)

 
KEK (S. Ishimoto)
Osaka University (Y. Kuno)

 

ETH Zurich (A. Rubbia)

Paut Scherrer Institute (C. Petitjean)

University of Geneva (A. Blondel) 

University of Zurich (A. Van der Schaaf)

 

Imperial College London (K. Long)

Rutherford Appleton Laboratory (R. Edgecock) 

University of Birmingham (J. Wilson)

University of Oxford (G. Barr)

Proposal

of 

Networking Activities

on

Future European Neutrino Beams and Experiments

----------------

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 possibly the most important event in particle physics in the last ten years. It opens a field of research which 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. 

A wide community is at work in Europe to prepare the future of this  field of research. Informal activities started in 1998 and ECFA Study Groups were founded at the beginning of year 2000 with endorsement from ECFA. They are organised as follows:

1) Physics Groups: the Neutrino oscillations working group, convened by P. Hernandez (CERN)  and  M. Mezzetto(Padova) leads the effort aiming at the identification and the careful definition of the most rewarding research program and of the necessary facilities. Other physics groups are active in the definition of other attractive programs that can exploit these facilities in other sectors of neutrino and particle physics. 

2) An accelerator working group convened by H. Haseroth (CERN) investigates since 1999, in close contact with the physics groups, the feasibility of a neutrino factory based on a muon storage ring, the possible extensions of more conventional pion decay neutrino beams. A wide range of options is studied, based on linear proton drivers as well as fast cycling synchrotrons.

More recently the very promising  idea of neutrino beams from radioactive ion beams (betabeams) has also receivedc great attention. 

3) R&D experiments and projects (HARP, high intensity target R&D, horn R&D etc ) are  being performed or planned (MICE), mark the technical progress of our studies and provide training and learning opportunities to large number of students and postdocs. 

A steering group oversees the orientations of the studies and reports regularly to ECFA. 
These groups and projects meet during regular ‘Muon Weeks organized 3 to 4 times a year. The latest work of the study groups is summarized in a series of reports [1,2,3,4,5,6], which are in the process of being concatenated into a yellow report 

The international community meets once a year at the occasion of the ECFA-sponsored NUFACT workshop. A NUFACT School is held since 2002 yearly on the same location of the Workshop. In addition several dedicated workshop are organised. 

A first rough estimate of the level of funding useful to adequately reinforce participation to these network of activities in 2004-7 was thus obtained.

1) assuming that about 20 people would be supported to travel for each of the Muon Weeks, at 1000 € each, 60 to 80 K€ per year are needed 

2) 20 to 40 researchers would be supported to travel to the NuFact Workshop (faculty and postdocs) and/or the NuFact School (postdocs and students). About 40 to 80  K€ per year will be needed

3) additional funds will be needed to cover expenses of invited speakers to the Muon Weeks

4) additional funds will be needed to support participation to dedicated workshops.  

A request of 800 to 1000 K€ over 4 years emerges. 

BIBLIOGRAPHY

[1] Oscillation Physics with a Neutrino Factory,  M. Apollonio et al, hep-ph/0210192 October 2002 (edit. M. Campanelli)

http://arXiv.org/ps/hep-ph/0210192

[2] Physics with Low-Energy Muons at a Neutrino Factory Complex 
J. Aysto et al, hep-ph/0109217  

http://xxx.lanl.gov/pdf/hep-ph/0109217
 [3] Physics at the front-end of a neutrino factory: a quantitative appraisal 

M. Mangano et al, CERN-TH/2001-131, hep-ph/0105155 

http://arXiv.org/abs/hep-ph/0105155 

[4] Kaon physics with a high-intensity proton driver 

G. Buchalla et al, hep-ph/0107046 

http://arXiv.org/ps/hep-ph/0107046
[5] Physics Opportunities at mu+mu- Higgs Factories 

C. Blöchinger et al, hep-ph/0202199 

http://xxx.lanl.gov/pdf/hep-ph/0202199
[6] The Study of a European Neutrino Factory Complex, P. Gruber et al., Neutrino Factory Note 103(2002) CERN/PS/2002-008(NF)

http://tilde-pgruber.home.cern.ch/~pgruber/docs/nf_report/nf_report_draft4.doc
[7] US Study I: Fermilab feasibility Study 

 http://www.fnal.gov/projects/muon_collider/nu-factory/fermi_study_after_april1st
 US Study II: BNL Feasibility study 

http://www.cap.bnl.gov/mumu/studyii
Japan: Study of the neutrino factory 

http://www-prism.kek.jp/nufactj/index.html
[8] The Scientific Activities of CERN and Budget Estimates for the Years 20022005

         CERN/SPC/793 (May 2001), p. 62-64.

 [9] European Muon Concertation and Oversight Group (EMCOG) Mandate,

       http://muonstoragerings.web.cern.ch/muonstoragerings/emcog/workingplan.doc
 [10] An International Muon Ionization Experiment (MICE), Letter of Intent to the Paul Sherrer Institute (Nov 28) and to The Rutherford Appleton Laboratory A. Blondel et al. (the MICE collaboration) http://hep04.phys.iit.edu/cooldemo/micenotes/public/pdf/MICE0001/MICE0001.pdf
[11] Report of the review Panel, A. Astbury et al.,  
 http://hep04.phys.iit.edu/cooldemo/micenotes/public/doc/MICE0002/MICE0002.doc
[12] Workshop on "Large Detectors for Proton Decay, Supernovae and Atmospheric Neutrinos and low Energy Neutrinos from high Intensity Beams, CERN Jan 16-18 2002 http://muonstoragerings.web.cern.ch/muonstoragerings/NuWorkshop02/welcome.html
[13] A novel concept for a e  neutrino factory: the beta-beam P. Zucchelli,;     Phys. Lett. B532 (2002) 3-4, p.166

Production and Collection of Pion and Muon beams

PCPM

B. Autin†, J.M. Maugain, P. Sievers, A. Verdier (CERN)

François Méot (CEA-DAPNIA)

26 November 2002

List of Participating laboratories/institutes/industry to the proposal: 

CEA-CERN 

Possible associate laboratories or institutes

IN2P3-Orsay, RAL, Jülich, PSI, München reactor, University of Cracow.

General introduction

The history of neutrino physics follows the traditional line of particle physics starting with cosmic rays and continuing with accelerator beams. Three generation of beams can be distinguished:

1. present or already decided experiments: K2K, MiniBOONE, MINOS and CNGS,

2. “super beams” using higher power proton accelerators (JHF) below 1MW and the off-axis pion beams,

3.  “ultimate beams” using multi MW proton beams and combining muon and electron neutrinos or anti-neutrinos.

The neutrino factory based on muon decay belongs to the third category and time for decision about such a project is between 2010 and 2015. The project proposed here concerns the target systems of a neutrino factory including target technology, transverse collection of pions and muons, beam dump and radiation shielding. It could be tested, at least in part, on the super-beams before being applied to the neutrino factory. If pions are the relevant particles for muon and neutrino physics, neutrons are also produced in abundance. Tests and applications can thus be envisaged for neutron spallation sources and accelerator driven systems (ADS) considered for nuclear waste incineration and energy generation.

Objectives of the proposed project

The target systems of ultimate neutrino beams which have been most studied up to now concern mercury jets emitted in high solenoidal fields. Their technology has a lot in common with advanced nuclear fusion projects such as ITER. Their cost is evaluated in the 100 M$ range. Reducing the cost of a neutrino factory is mandatory to make it acceptable by the particle physics community especially if a very high energy lepton collider is also wanted. What we propose is a drastic simplification of the present design by replacing the solenoid by a magnetic horn, the mercury jet by a solid target and possibly the solenoidal decay channel by quadrupoles. 

In the scheme presently developed at CERN, the proton driver is a proton linac of 2.2 GeV kinetic energy and its repetition frequency is 50 Hz. All the pulsed systems acting on the pions or muons must have the same repetition frequency. Among them, the most critical element is the magnetic horn which focuses the pions with a current of 300 kA.

The target takes advantage of this high repetition rate because the instantaneous temperature rise is such that it can work in a regime where thermal shock waves are harmless. However, the heat deposited by the proton beam must be quickly eliminated. It is anticipated that horn and targets will work under extreme conditions if a single system is exposed to the full charge of the proton beam. A multiple target and horn scheme is thus under study to improve the reliability.

The project has thus five medium and long term objectives.

1. Reduce the cost of the presently designed critical elements of the target systems of a neutrino factory by an order of magnitude yet maintaining acceptable performances.
2. Build a high current (300 kA) and high repetition rate (up to 50 Hz) power supply to test the various pulsed components (horn and magnets). This power supply could serve as a general test facility for a large range of pulsed devices and not only within the context of neutrino beams.
3. Build a granular target with its cooling circuit and test it in the Oakridge neutron spallation source. 
4. Test of the integrated target and horn system in the JHF neutrino beam.
5. Design of a multiple channel target system and construction of prototype magnets.
Program of the project

The evaluation of program, manpower and cost are given for four years assuming three years of design and construction and one year of test. Tests in beam would be performed later.

Project outline

The system of production and collection of pions and muons has to achieve as high a collection rate as possible in the adverse environment of multi MW beams. The lifetime of the components is a major concern. To address this problem, multiple targets and horns are foreseen so that each subsystem works at a repetition frequency and is exposed to a beam power divided by the number of sub-systems. Typically four channels are considered. Downstream of the horns, the beams are recombined into a single beam line using large aperture magnets that encompass all the beams.

The critical components are the target, the windows traversed by the primary proton beam, the horn and the first magnets. An iterative process between beam dynamics and engineering aspects is to be conducted to converge towards a satisfactory design.

Theory
In all cases, the properties of a tertiary beam have to be optimized. The chain of reactions is indeed p → π → ν for super-beams and p → π → μ for ultimate beams. The various tasks to be accomplished can be listed as follows:

· Proton switchyard.

· Shape and current of the magnetic horn for pions of average energy near 4 GeV and 300 MeV in the case of super and ultimate beams respectively.

· 6D pion distribution at the end of the horn.

· Recombination scheme and magnet characteristics.

· Trajectories of primary and secondary particles downstream of the horn.

· 6D muon distribution at the end of the decay channel.
· Option of a longitudinal capture of the pions in the decay channel and characteristics of the RF cavity.
Manpower: 10 man-years.

Cost : 400 k€.

Target

The target design is sufficiently advanced to plan development work.

· Validation of the cooling system (water, air, helium), construction of components 25 k€, spent in 2003. 

· Setting up of test at CERN (or in another laboratory where 600 A and de-mineralized water and/or compressed air is available in sufficient quantity) in 2003/4. Manpower for setting up and tests: 6 man-months in 2003/4. Cost: 30 k€.

· Design, construction and test of prototype target in single shot mode in a p-beam. Cost: 80 k€ for design and hardware in 2003/4. Manpower: 6 man-months. 
Horn

A prototype horn for a neutrino factory has already been built at CERN. The unknown is its lifetime that is supposed to be limited by fatigue due to the combination of electro-mechanical and radiation effects. Technological study of the horn:

· Determination of the mechanical characteristics of a sample of alloy used for the horn as a function of the radiation dose. Calculation of the mechanical response of a horn to electrical pulses using the characteristics of an irradiated material.

Cost: 100 k€. Manpower: 2 man-years.
· Test of a non-irradiated horn at 300 kA and 50 Hz. 

Manpower: 0.5 man-year. Cost: 30 k€.

Power supply, electrical connections and controls

The power supply and electrical should be built with the present state of the art without special development.
· Design and development cost: 350 k€.

· Construction of charging unit, capacitor bank, discharge switches, connections and controls: 700 k€.
Test of integrated target and horn

Design of a target system including its full cooling system to be integrated into a horn for test in the laboratory in 2004/5.
Cost: 380 k€.

Manpower: 2 man-years.

Magnets

In the present design, the first magnets have an aperture larger than 1 m exceeding their length, they are pulsed and are under the fire of secondary particles. Their study requires:

· Basic design with choice between magnetic poles or distributed currents in a circular aperture.

· Determination of the integrated dipolar and quadrupolar fields on the reference orbits.

· 3D field map in the presence of adjacent magnets.

· Correction of undesired multipolar components.

· Possible need for end magnetic mirrors.

· Resistance to radiation of insulation between coils and electrical insulators.

· Construction of a prototype and test with the general purpose pulsed power supply. 

Cost: 360 k€.

Manpower: 2 man-years.

Beam dumping and target zone
This subject is not treated yet and might be discussed with the experts of the muon collaboration.

Summary

Requested funding from EU? 2455 k€.
The next questions will be addressed in the second draft.
What fraction of the overall cost of the project is it? 

How do you intend to spend the requested funding? 

Funding breakdown, In particular was fraction is required for manpower (engineers, post-docs, students…), for durable equipments, for travel and subsistence, for organization of meetings/workshops…

What is the anticipated funding sharing between participating institutes/lab/industry?

Transnational access to the MICE facility

To produce the required stored muon intensity in a future Neutrino Factory it is essential that the emittance of the muon beam, produced by pion decay, be reduced by a factor of ~10 or better. This will be achieved using ‘ionisation cooling’, a technique in which the muon beam is caused to pass through a series of liquid-hydrogen absorbers followed by accelerating radio-frequency cavities (RF-cavities). The system cools the muon beam because both longitudinal and transverse momentum are lost in the absorber while the RF-cavities restore only the longitudinal component. Ionisation cooling is a subtle and complicated technique that has not been demonstrated in principle or in practice. The crucial importance of the cooling channel to the success of the Neutrino Factory has been recognised by both the US Muon Technical Advisory Committee (MUTAC) and the European Muon Coordination and Oversight Group (EMCOG). The international muon ionization cooling experiment, MICE, is designed to design, build, commission and operate a realistic section of cooling channel and to measure its performance in a variety of conditions.

The MICE collaboration is composed of 45 institutes drawn from three continents (Europe, the US and Japan). 27 of these institutes are European, 8 are in the UK. The experiment will take place at the Rutherford Appleton Laboratory (RAL) in Oxfordshire, UK. MICE will have the importance for the Neutrino Factory that the Tesla Test Facility (TTF), the Final Focus Test Beam (FFTB) or the CLIC Test Facility (CTF) has for the Linear Collider. The results obtained will allow the design of the Neutrino Factory cooling channel to be optimised with confidence. 

It is essential to ensure that European members of the collaboration have the necessary access to the facility. The MICE schedule requires that:

· The muon beam and the instrumentation for the first spectrometer be commissioned in financial year 2004/05. This will require the presence of members of the European collaboration;

· The commissioning of the spectrometers and related instrumentation take place in financial year 2005/06. This will require a substantial presence of members of the European collaboration to install, commission, test and take data with the various elements of the instrumentation as they arrive;

· Programme of measurements of ionization cooling begin in financial year 2006/07. The liquid hydrogen absorber, the accelerating RF-cavities and the full magnet system will be installed during financial year 2006/07. The installation and commissioning of these components will be scheduled alongside routine MICE data-taking. It is essential to ensure continuously high levels of presence of members of the European collaboration during this phase;

· Routine MICE running during financial year 2007/08. By the end of financial year 2006/07 the full MICE experiment will be assembled at RAL. Financial year 2007/08, therefore, will see the experiment enter the routine data-taking phase. This will require the continuous presence of members of the European collaboration, but at a somewhat reduced level compared with that required during financial year 2006/07.

The following table shows estimates of the funds required for transnational access to the MICE facility over the financial years 2004/05 to 2007/08 implied by the schedule outlined above. The cost estimates are based on experience during the installation and commissioning phase of other major experiments.


Error! Not a valid link.
Table 1: Funds required for transnational access to the MICE facility over the financial years 2004/05 to 2007/08. The funds are requested per European institute as shown. The total is calculated by allocating to each mainland European institute the sum indicated. Funds are requested for the UK institutes to attend collaboration meetings in Europe and the US.
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