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Preparatory thoughts for a Neutrino Factory feasibility study

Alain Blondel, University of Geneva, 23 Feb. 2003. 
Aim: Arrive at a conceptual design for a European Neutrino Factory Complex by the start-up time of LHC and JPARC (nominally 2007, early 2008). Make sure that by that time no long lead R&D items remain. 

Background: Starting from the existing structures (ECFA study groups, EMCOG, ENG, Network Activity in the framework of the CARE project) we must envisage organizing the participation of Europe in a worldwide study in a meaningful way. The envisaged site of the machine can naturally be the leading house, but CERN must be included, and other possibilities must remain open.   

Abstract  I have tried to list the paper studies, experiments and deliverables necessary to achieve the above goals. Much work remains to understand (no to mention realize) the organization and time lines. It is clear that this enterprise is considerable, and it is by no means obvious that the goal can be achieved without making a-priori-unpleasant simplifications and choices.   

Structure

The study needs a Leading House. This could more naturally be RAL. However the collaboration will be richer if several of the subsystems have their own leading homes. The large amount of work requires it. 

The Neutrino Factory study implies a number of items to be assembled.

A. Physics discussions

1. A neutrino oscillation physics discussion, determining the value of a Neutrino Factory, and, importantly, of possible intermediate steps. In particular the value of a super-beam or beta-beam or combination of the two should be evaluated taking into account the likely availability of funding and the state of readiness of the Neutrino Factory project itself. 

2. Other discussions involving low energy muons and other experiments related to the availability of a high intensity proton driver. 

3. The interest of the very short baseline experiments and to which extent they should impact on the design of the accelerator.

4. The interest of the extensions to muon colliders 

This is the structure that was adopted for the ECFA studies in 1999-2002. Practice has shown that all groups except the neutrino oscillations were difficult to run, partly because the time scale of the project is rather long. Suggestion is to postpone these studies to a time where the reality of the machine becomes more palpable. 

B. Proton driver. 

1. Several possibilities are being considered. SPL and similar CW machines in linear or cyclotron mode (such as a possible PSI upgrade) have the potential for higher ultimate intensities and intrinsic inconvenient of a) lower beam energy, and b) the need of a set of accumulator and compressor to achieve the low duty cycle necessary for neutrino physics operation and c) faster repetition rate which is a difficulty (and added operational cost) for all pulsed systems downstream (horn, RF). The rapid cycling synchrotron options are more directly applicable to running for super-beam or neutrino factory, but suitability to other applications and intensity upgrades need further investigation. 

2. If a clear winner does not emerge in the above discussions, the decision is likely to become politically oriented (who in the end hosts the facility), with the danger that the design will need several variants. This is an additional amount of work that we are unlikely to be able to afford. An early decision, however, risks de-motivating the proponents of the alternatives. 

3. A possible work plan should definitely begin by a careful study of the pros and cons of the various options. A possible target date for definition of the baseline option could be NUFACT05 (spring 2005, to be held in Europe, at a location that is still unknown). This should use the HARP data on particle production. 

C. Target and collection

1. Considerable amount of work and progress for the option of a liquid metal target with collection by a high field solenoid has already been achieved by the US MC collaboration in collaboration with CERN-Isolde and Grenoble.  This includes: 

I) Experimental observations of the effect of beam on liquid jets or troughs with beam energy deposition density of ¼ the NF nominal one, without magnetic field. (This is more or less directly applicable for the jet & horn situation). The exact correspondence to NF energy densities is very much proton driver dependent. 

II) Experimental observation of the squeezing effect of an intense solenoid field on the jet.

III) Computer simulations of the above situations and of the situation where one has jet and beam and solenoid. 

The continuation of this programme involves experimental observation of III), thus the construction of a 20T solenoid, which is quite expensive. In addition the collaboration s presently on hold because of the decision to reserve BNL operation for nuclear physics and RHIC.

2. There are alternative options proposed in Europe for the target and collector system.  These include: 

I) The liquid jet imbedded in a horn. This is the scheme developed by the CERN group and is part of the CERN baseline scenario. The advantages w.r.t. the above scheme are that a) this lends itself easily to the intermediate steps of a low-energy super beam; b) this combines two items on which expertise already exists.

II) A solid target (levitating ring) imbedded in a solenoid or a horn.

III) A solid granular target imbedded in a solenoid or in a horn (this is probably the most practical solution for a horn system). 

IV) The possibility to use several target & horn systems in parallel to reduce the cycling rate on both the target and the horns. (note that the rate of necessary interventions is not diminished) 

It is a question whether one should pursue these options or capitalize more on the US-CERN approach followed so far, which is close to conclusion, and concentrate on: 

a) Finishing the point B.1.III above by setting up a target test area (TTA) in Europe including a high field solenoid. This could also at reduced cost allow study of the granular target; 

b) Elaborating a viable target area for 4->10 MW beam power, including the aspects of safety, radiation and waste disposal; The natural model are the spallation sources such as SINQ at PSI. 

c) Establish the limits of the horns in term of rep. rate and sustainable beam power (resistance to radiation).  

The solenoid capture system offers some advantages for a Neutrino Factory and muon collider, in that it allows both charges to be collected. The horn is better suited for super-beams, and could find a first application in collaboration with the Japanese for the JPARC-SK/HK projects. 

The horn studies have a proposed home with LAL/IN2P3. 

The target study should find a home when a suitable location is found for the Target Test Area. (TTA). A high power beam is needed (but does it need to be protons?) as well as a high field solenoid.  

D. Neutrino Factory Front-end and acceleration (Cooling, Phase rotation, acceleration)

1. The MICE experiment is being proposed and constitutes the major experimental effort in the area of muon cooling. 

2. An important aspect in all collection (and acceleration) systems is the need for cheap, high peak power, pulsed RF power sources, with frequencies in the vicinity of 200 MHz. MICE is finessing this issue by advocating the use of refurbished RF sources from CERN. This is not entirely satisfactory since it brings little technological progress. This is an area where a EU sponsoring could allow new research to be undertaken, with immediate benefit for MICE and, more importantly, European technological expertise. 

3. Ring coolers have been advocated as a very promising way to improve performance and cost of the muon front end. The study of the cooling cells is embedded in the MICE programme. The main area of study should be the development of fast kickers with large acceptance. The cost of such an R&D programme is not known and the feasibility of it is far from demonstrated. It is assumed that the considerations related to high power deposition in the LH2 absorbers is part of the US MUCOOL programme.  

4. Finally, acceleration using fixed field magnets has been considered. This can be done with re-circulating linacs or with FFAG. 

E. Neutrino detector R&D 

the present techniques used by neutrino detectors are 

-- Magnetised iron toroidal detectors (CDHS->MINOS->Hyper-…) Very good for muon detection at High energy. Capacity at detecting tau events or to identify electron events is doubtful. This is the working horse for a neutrino factory detector.  Key issue is the mass fabrication of fine-grained detectors for combined calorimetry and muon trajectory measurement.

-- Magnetised liquid argon detector: certainly the most attractive on paper for neutrino factory detector. The issues of achievable mass and magnetic field make it far more challenging than the above. Alternative could be the conjunction with a muon spectrometer. A non magnetic version can also be used for a super-beam.  

-- Large water Cherenkov. Unsuitable for neutrino factory as it is difficult to magnetize. Leading candidate for super-beam .low energy beam. The key issue is the mass production of photo-detectors with higher Q.E. and the possibility to excavate large underground caverns. 

-- Large liquid scintillator detectors (super-KamLAND): also candidate for super-beam detector, arguably better than the water Cherenkov, but more difficult to realize.

The launch of a detector study for neutrino factory is a necessity at some point. The need to do this at the same time as the launch of the machine study is not obvious. 

Deliverables 

After this overview, it seems that the list of deliverables could be as follows 

-- recommendation for the parameters of the proton driver (spring 2005) 

-- Interim tool: location and home lab for a Test Target Area  (summer 2003)

-- List and estimate of experiments to be carried out at the TTA. (summer 2003) 

-- Design of a 4 ( 10 MW target station.  (2007)

-- Design (2003) and realization (2006) of a horn power supply unit, horn(s), horn optics. 

-- Paper study (2004) of high aperture kickers for cooling (or phase rotation) rings 

-- Realization of a kicker prototype (2006). 

-- Design of the pulsed RF power stations needed for muon front-end and acceleration (2004)

-- Development of a prototype pulsed RF power station (2006)  

-- design of an FFAG magnet for acceleration and cost estimate (2004).

-- recommendation for accelerator design (2005)   

-- construction of a prototype FFAG magnet and characterization

There are some decision points: the launch of a super-beam experiment could probably be envisaged around 2005. 














Table 1 Very tentative and incomplete table of milestones for NuFact R&D
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