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Design Studies for Future Neutrino Facilities in Europe

EMCOG

Draft 1.1 by Alain Blondel, Helmut Haseroth 

The studies on future neutrino facilities for Europe have led to two promising avenues, which are now proposed for design studies under the FP6 EU programme. 

1. The neutrino factory and super beam design study 

2. The beta-beam study

the two facilities under consideration have been presented a number of times in the EMCOG meetings and recently on 10 July
. The conclusions of EMCOG are that the two facilities are highly worthwhile but have different scope and are sufficiently different to deserve separate design studies. The following provides a brief description of these projects highlighting their respective merits and specificities, and addresses the pending issues concerning the format and timing of the possible submission of these proposals.   

The Neutrino Factory design study is planned as part of a worldwide effort, involving the US muon collaboration, and the Japanese groups. 

The heart of a neutrino factory is a muon storage ring with muons of typically 20-50 GeV producing electron and muon neutrinos of opposite leptonic charge:  
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with a very well known spectrum extending up to the parent energy. The presence of these two neutrino types requires a magnetic neutrino detector – best candidates being a large magnetized iron detector (a larger version of MINOS) or a magnetized liquid argon detector (a large magnetized version of ICARUS). Masses of the order of 50 ktons have been discussed. 

Feasibility studies of neutrino factories have been performed in the US and Japan with the conclusion that these are feasible machines with a rather high expected cost (US study II leads to a cost of 2 Billion US $). The main effort is now to optimize the cost, using more advanced techniques such as RF-based phase rotation, cooling rings, FFAG accelerators. 

Despite the difficulties encountered at CERN at the end of 2001, Europe has a number of assets in this endeavour: 

1) designs exist for a high power (4 MW and beyond) proton driver in several European laboratories, and R&D is pursued, in particular at CERN on the SPL. 

2) active R&D is taking place on the areas of target, and on the collection of pions with Horns.

3) Europe has a prominent role in MICE, the Muon Ionization Cooling Experiment, for which RAL is acting as host laboratory. 

4) the first stage of a neutrino factory, is the super beam, a low energy (300 MeV) conventional, but high intensity neutrino beam from pion decay generated with the proton driver, target and horn, which provides in conjunction with a large underground  detector good physics value in its own right.  

5) the liquid argon technology provides very interesting possibilities, especially for a large detector with tau detection capability. 

The neutrino factory based on a muon storage ring is considered to be the ultimate tool to study the neutrino oscillation properties. Having the best known sensitivity to the yet unknown mixing angle 13, it will provide the spectacular signals for matter effects and leptonic CP violation.
The beta-beam is a more recent idea in which neutrinos are produced by decay of unstable or+ ion emitters (6He and 18Ne). The decay spectrum is softer (a few MeV in the ion centre-of-mass leading to a few 100 MeV for ions accelerated to ~100 GeV/nucleon). 

The concept of a beta-beam relies heavily on possibilities offered by the CERN complex in conjunction with the possible enlargement of the Fréjus underground laboratory. The source of unstable ions is similar to those envisaged in the context of EURISOL, the acceleration of ions is straightforward in the CERN PS-SPS accelerator complex. The beta-beam fits nicely and tightly in a scenario in which CERN, with the SPL, becomes the host of EURISOL, the main new construction to be realized being the high-energy storage ring. 

The neutrino physics capabilities of the complex are realized by use of a Mton detector to be situated in the Fréjus Laboratory, since the neutrino energy is similar to that of the SPL-based super beam. The sensitivity to 13 and leptonic CP violation (in fact T reversal violation in this case) are much better than what is offered by other facilities presently considered, though not quite as strong as for the neutrino factory based on a muon storage ring. 

As can be seen from this brief description, the beta-beam is an opportunistic and site-specific possibility, with local synergies with the nuclear community and with astrophysics for what concerns the large underground detector. 

In this context it seems important to recall the possibility that is offered by the Fréjus underground site. A road tunnel parallel to the Fréjus road tunnel has recently been decided, with achievement of the construction foreseen in 2008. This date would be an ideal time for starting the excavation of a very large underground cavern, capable of housing a 1 Mton water Cherenkov and possibly a large liquid argon detector, as discussed in a workshop held at CERN in 2002
.

We do not know at the moment if either of these projects is feasible, what is their cost and what are the issues involved with activation, compatibility with the other advertised synergies etc… They are both very promising, would be at the leading edge of discoveries and European physicists must understand what possibilities lie in front of them. A comparison of the physics reach is given in Figures 1 and 2. One can see that both possibility outclass all other existing proposals. 

Some arguments play in favour of a neutrino factory: 

1. It is in general somewhat more powerful because it has much higher neutrino energy, thus many more events and better sensitivity.

2. For the same reason it can do e ( 

3. The baseline being longer it is sensitive the sign of the mass difference m213
4. It is the first step to muon colliders

The neutrino factory study is ready to start, with a dedicated home laboratory (RAL), active support for R&D experiments in US, Japan and Europe. It includes CERN as a possible site in a non exclusive way (including evident possibility offered by the super beam also), and benefits from an international network.

The beta-beam study is technically ready to start as well, but it raises a number of questions. 

1. where should the beta-beam study fit? as a work package of the neutrino factory study, as a work package of the EURISOL design study, or as an independent work package? 

2. Should it be submitted at the same time as the neutrino factory design study, or possibly one year later? 

3. In any of the three scenarios above, there is a feeling that the package would certainly require an explicit support from CERN and at least the possible hosts of the underground laboratory (France, Italy). This explicit support should involve sufficient allocation of manpower to successfully complete the study. Is there time before March 2004 to gather such support?

It seems that the first step for the beta-beam study is to receive official support from CERN, and that steps must be taken at the level of the SPC and possibly the CERN council to assure this. 

DRAFT – VERY PRELIMINARY and incomplete 

Table 1: Main subjects to be addressed in a Neutrino Factory/ super beam design study

Definition of R&D steps à la Greg Loew:

R1 R&D needed for feasibility demonstration of the machine

R2 R&D needed to finalize design choices and ensure the reliability of the machine

R3 R&D needed before starting production of systems and components

R4 R&D desirable for technical or cost optimization
Neutrino Factory (assuming 4 MW proton driver)

	0. Machine part
	Subsystem
	Subject to be addressed
	Strongly linked to
	Approximate ranking in Greg Loew Units

	1. Proton driver
	
	
	
	1

	2. 
	a) 2 GeV Linac
	H- injection
	
	4

	3. 
	
	Space charge / Instability problems in accumulator / compressor rings
	
	3

	4. 
	
	Choice of energy
	
	2

	5. 
	
	Choice of repetition rate
	
	2

	6. 
	
	Choice of number of bunches
	
	2

	7. 
	b) Fast cycling synchrotrons at higher energy
	
	
	4

	8. 
	
	Choice of energy
	10-12
	2

	9. 
	
	Choice of repetition rate
	10-23
	2

	10. 
	
	Choice of number of bunches
	10-23
	2

	11. Target
	
	
	7-9
	1

	12. 
	Solid target
	
	7-9
	2

	13. 
	Liquid jet
	
	7-9
	2

	14. 
	Activation and radiation issues
	Detailed simulation with estimate of isotope composition of activated components
	
	1

	15. Pion / Muon collection
	
	
	
	

	16. 
	Horn
	
	7,8
	1

	17. 
	Solenoid
	
	7,8
	3

	18. 
	Funnelling / quadrupole channel
	
	7,8
	2

	19. 
	Activation and radiation issues
	Detailed simulation with estimate of isotope composition of activated components
	
	2

	20. Phase rotation / Cooling
	Cooling in a linear systems
	
	8,9
	1/3

	21. 
	Other cooling arrangements
	
	8,9
	?

	22. 
	Ring Coolers
	
	8,9
	1/3

	23. Acceleration
	Re-circulating linear accelerators
	Choice of rf frequency
	8,9
	2

	24. 
	Very fast accelerating synchrotrons
	
	
	1

	25. 
	FFAGs
	
	
	2

	26. Decay ring
	
	
	
	4

	27. 
	Activation and radiation issues
	Detailed simulation with estimate of isotope composition of activated components
	
	2

	28. 
	
	
	
	


DRAFT – VERY PRELIMINARY and incomplete 

Table 2: Main subjects to be addressed in a  Beta Beam design study

	0. Machine part
	Subsystem
	Subject to be addressed
	Strongly linked to
	Approximate ranking in Greg Loew Units

	1. Proton driver
	
	
	
	4

	2. Target
	
	Efficient ion production
	4
	4

	3. Ion source
	
	Efficient ionisation
	4
	2

	4. 
	Activation and radiation issues
	Detailed simulation with estimate of isotope composition of activated components
	
	1

	5. Bunching
	
	
	4
	2

	6. Intermediate acceleration / storage ring
	
	Choice of machine
	4
	2

	7. PS acceleration
	
	
	
	3

	8. 
	Decay losses
	Detailed simulation with estimate of isotope composition of activated components
	
	1

	9. SPS acceleration
	
	
	
	4

	10. 
	Decay losses
	Detailed simulation with estimate of isotope composition of activated components
	
	2

	11. Decay ring
	
	
	
	

	12. 
	Decay losses
	Detailed simulation with estimate of isotope composition of activated components
	
	2

	13. 
	Longitudinal stacking
	
	
	1
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PRELIMINARY FIG 1. (WILL BE REDRAWN)

Comparison of reach in the oscillations

Right to left:
Present limit from the CHOOZ experiment, 

Expected sensitivity from the MINOS and CNGS experiments, 

0.75 MW JHF to super Kamiokande with an off-axis narrow-band beam, 

Super beam: 4 MW CERN-SPL to a 400 kton water Cherenkov  in  Fréjus 

from a Neutrino Factory with 40 kton large magnetic detector.  I
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PRELIMINARY FIG 2. (WILL BE REDRAWN)

Domain in the parameter space of neutrino oscillations in which maximal CP violation could be observable at 95% confidence level, for various combinations of super beam, beta beam and neutrino factory.   I
� Rob Edgecock et al. Letter of Intent: FP6 Design Study for a Neutrino Factory


 � HYPERLINK "http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/loi-nfstudy.doc" ��http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/loi-nfstudy.doc�








� J. Bouchez et al., Letter of Intent: FP6 Design Study for a beta-beam facility  


� HYPERLINK "http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/loibeta-beam.doc" ��http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/loibeta-beam.doc�





� talk by Rob Edgecock and Christina Volpe, EMCOG meeting on 10 July


� HYPERLINK "http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/emcog-10-july-2003/esgard-ds-edgecock.ppt" ��http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/emcog-10-july-2003/esgard-ds-edgecock.ppt�


� HYPERLINK "http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/emcog-10-july-2003/ds-beta-beam-volpe.ppt" ��http://proj-bdl-nice.web.cern.ch/proj-bdl-nice/emcog/emcog-10-july-2003/ds-beta-beam-volpe.ppt�





� Workshop on "Large Detectors for Proton Decay, Supernovae and Atmospheric Neutrinos and low Energy Neutrinos from high Intensity Beams, 


� HYPERLINK "http://muonstoragerings.web.cern.ch/muonstoragerings/NuWorkshop02/welcome.html" ��http://muonstoragerings.web.cern.ch/muonstoragerings/NuWorkshop02/welcome.html�
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