Minutes

First Meeting of the European  Muon Concertation and Oversight Group

CERN, Thursday 18 April p.m. and Friday 19 April

AGENDA :

Thursday 18 April 2002

14h30-14h40: Welcome - C. Wyss

14h40-15h00:  Introduction to neutrino factory physics - K. Peach

15h00-15h20:  Status of neutrino factory studies as seen from CERN – H.Haseroth

15h20-15h30:  Coffee break

15h30-16h40: Discussion about present and possible future contributions

from the represented Institutes:

- CERN - H. Haseroth (10')

- CLRC - K. Peach (10')

- INFN - M. Napolitano (10')

- CEA-DAPNIA - A. Mosnier (10')

- IN2P3 - M. Lieuvin (10')

- GSI - O. Boine-Frankenheim (10')

- PSI - R. Eichler (10')

Friday 19 April 2002

08h45-12h00:  Drafting of a coherent R&D plan for neutrino factories

09h45-10h00:  Coffee break

12h00: End of meeting.

Composition of the Committee:

IN2P3: 

Marcel Lieuvain 

Stavros Katsanevas 

CEA DAPNIA Saclay 

Alban Mosnier SACM 

François Pierre SPP (Excused)

INFN

Marco Napolitano 

Andrea Pisent (INFN Legnaro)

Switzerland: 

Ralph Eichler   (PSI)

Alain Blondel (University of Geneva,) Scientific secretary

GSI 

Ingo Hofmann (excused)

Oliver Boine-Frankenheim 

RAL 

Ken Peach 

Carlo Wyss (CERN-DG) Chair

Helmut Haseroth (CERN-PS)

John Ellis (CERN-TH)(excused)

Introduction (Carlo Wyss)

Due to the LHC cost to completion problems CERN had to focus on LHC, and R&D activities were scrutinized. Priority was given to CLIC and CTF3, which CERN has initiated and in which it has invested for many years already. Limited effort will be spared for SPL and the front-end… The activity on the Neutrino Factory itself (everyting beyond the target and pion production) will be reduced to a few FTE’s for theoretical studies and contact with other laboratories. 

The aim of the first meeting was described in the invitation letter: review the status of R&D studies and define a first set of goals. 

AB asked clarification about the word ‘scrutinized’, as it was felt that no explicit review was carried out. 

A (CW) CLIC appeared to have taken place since a long time. Technology started at CERN. It was considered advantageous to keep working on SPL, seen as already help to running SPS and LHC.  

Neutrino Factory was seen as far in the future, so that it could wait a few years before CERN could invest in it substantially.   

HH What if member states agree to increase budget by 1% to support R&D? 

A :CW stated that in this case, first priority would still be given to LHC. Getting back on Neutrino Factory would lead to a mixed signal. 

One of the first points in the agenda of the group should be to prepare a request for funding from  European Union. The priorities for Integrated Networks are centered on biology and related information technology not very consistent with particle physics and success a priori unlikely. The framework of the Integrated Infrastructure Initiative suggested by Michel Spiro and supported by ECFA seems to have a better chance.

 M.Napolitano pointed out that in order to be successful, one had to have a specific and consistent programme. 

Introduction to neutrino factory physics.(Ken Peach)
Solar and atmospheric neutrino experiments have established with no way out that neutrinos have mass. Some of the many remaining questions will be clarified soon, for instance the question of an oscillation 
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 at  mass difference (10-1 ev2) possibly seen at LSND, by the miniboone experiment. The neutrino oscillations take place between the three known species (as definitively shown by recent SNO results) and involve six parameters: 2 mass differences, 3 mixing angles, and one phase. The masses and mixing angles are very different from those of the quarks, this possibly pointing to a different origin. The leading explanation (see-saw mechanism) involves  phenomena at very high energy scales that could also lead to an explanatio of the baryon asymmetry of the universe. (attempts to explain this from quark mixing and CP violation have failed)

The observation of CP violation in neutrinos is tantalizing. Some conditions must be fulfilled for this to be possible:

· m212  and sin212 must be both large (Large mixing angle solution of solar neutrino oscillations) . This is already tha favored solution and will be established or disproved by KAMLAND toward the end of 2002.

·  sin213 must not be too small… but down to about 0.5 degrees for 13, (NDLR  sin213 = 7 10-5) the sensitivity in independent on it. Below this value, sensitivity is rapidly lost.  Knowledge that 13 is not too small is important. 

· One must use appearance oscillation of 
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 , be able to compare them or to compare with the corresponding antineutrino ioscillation,  and dispose of a high intensity very well controlled flux, of the appropriate baseline and of a large detector. 

The neutrino factory demonstrably has these qualities, one needs a muon energy in excess of about 20 GeV, (this also allows observation of matter effects in the earth, and in principle detection of tau neutrino appearance), a flux of typically 1021 decaying muons per year and a baseline of several 1000 km.  

Given the large cost of a neutrino factory, it is likely tha there will be only one in the world. The complex around the neutrino factory would allow experiments in other domains (short baseline neutrino experiments with very high flux) and  synergies with nuclear physics. 

Ken Peach then stressed the technical challenges that exist in the machine itself. 

Proton source

Target

Pion and muon capture

Cooling 

RLA and .. 

Muon storage ring

RADIATION! (around the target station, mainly. The radiation at the outlet of the neutrino beam not worrying, although it requires enclosure) 

Technical challenges everywhere very good for our younger colleagues.

Finally KP pointed out that neutrino oscillation physics must be competed by search for neutrino-less double beta decay and… the absolute mass measurement, which 

needs a new idea!!!

Discussion 

SK brought up the argument:  if the next generation of superbeam does not see 
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 thus 13, does one still want to build a neutrino factory? 

AB spelled out the Neutrino Factory afficionado’s response 

1. if the superbeams do not see it, neutrino factory can search farther in 13
2. Sensitivity to CP violation of neutrino factory goes farther down in13 than the observation reach of superbeams

Status of neutrino factory studies as seen from CERN – H Haseroth

HH described the baseline desugn of a CERN-based neutrino factory: The studies on which hardware has been invested are the following. 

Proton driver: the SPL is fairly well understood and costed at 350 millions CHF.

Accumulator (and possibly compressor) is mandatory if one wants to put beam into short bunches. 

Target: liquid mercury seems most promising and is under study. Thimble, trough and jets of mercury have been exposed to single proton bunches with intensity similar to SPL bunches. The liquid target retains its integrity for more than 20 microseconds before explosion.  The droplet velocity is the critical parameter and has been measured to be around 30 m/s. 

A small horn has been designed for the neutrino factory. It would be pulsed very rapidly (50 Hz) and with high currents (up to 350 kA) A test programme is underway. A SPL superbeam could be envisaged with a somewhat different horn (it can be of larger dimensions) 

Cooling 

A 40-80 MHz scheme has been designed at CERN (A.Lombardi). One of the main challenges is to reach high gradients with magnetic fields, as the magnetic field tends to focus secondary emission. An old PS cavity has been modified for 88MHz. The next step would be to equip it with a pair of coils, but funding has been interrupted. 

Collaborations. 

There is collaboration with CEA and IN2P3 on the SPL. Lots of help from RAL on accumulator and compressor. 

Our US colleagues are organized in a ‘Muon collaboration’. They have performed two feasibility studies mandated by FNAL then by BNL (studyII). Several accelerator physicists from Europe participated in this. The main conclusion is that one would know how to build a neutrino factory, but this would be… expensive!!! The cost has been estimated at 2 G$ (US accounting).  

A cooling experiment (MICE) is being proposed in international collaboration. A section of the studyII cooling channel would be exposed to a muon beam placed between two spectrometers where emittance would be measured. A letter of intent has been submitted to PSI then RAL with encouraging results, PSI offering to give a muon beam line to RAL, who is encouraging submission of a technical proposal. 

Finally an interesting old concept is revisited by our Japanese colleagues for the neutrino factory: the FFAG. Use can be for collection and acceleration of large emittance muon beam. A 1.5 MeV first proton accelerator has been built, as proof of principle. The nest step  will be to build 150 MeV proton machine. 

M N asked about the Japanese contributions, which are mostly in the FFAG. 

Claim is that a neutrino factory of equivalent performance can be designed with FFAGs from the very beginning to the end. For the neutrino factory the FFAG requires quite low frequency (typically 3 MHz) 

The CERN scheme of performing phase rotation with RF cavities is not the only possible one: study II uses induction linacs as developed in Livermore.

AM asked if there was a preference for a scheme and if one should not concentrate on one scheme? 

OBF enquired on the  production of pions by 2.2 GeV protons, and about the possible difference in rate between + and -. HH: answered that the measurement is being performed by the HARP collaboration.  

Followed a discussion  on the motives for chosing one type of proton driver (energy, rep rate) rather than another (SPL at 2 GeV and 50 Hz, FNAL at 16 GeV, 15 Hz, BNL 24 GeV 5Hz, JHF 50 GeV, about 1Hz. The consequences, if any, of these choices need to be understood.

Possible contributions from CERN (Helmut Haseroth) 
Cern has already invested in 

Horn studies: a Neutrino FactoryHorn prototype has been build and will be tested at low current for mechanical resistance. Further funds will be needed to push the currebt up or to pulse at higher frequency.  Other ideas for the design of horns (or collection device) are welcome. 

The work on liquid metal targets will continue, in part within the framework of ISOLDE. 

The 88 MHz cavity  will be tested. Funds are necessary to go beyond and equip it with coils. 

On the side of conceptual studies, ideas abound and several alternatives should be investigated, and  FFAGs in particular.

Other options for neutrino beams are also interesting: a low energy high intensity muon neutrio ‘superbeam’, and ‘beta beams (electron antineutrinos from 6H beta decay, or electron neutrinos from 18Ne decay) There is a severe issue of bunch length for this – and for any low energy beam. A clear interest from GSI was stated. From the physics side these two options can provide neutrinos of 300-600 MeV to the same detector—the beam purity does not require a magnetized detector and water Cernekov is quite appropriate. 

Alban Mosnier requested clarification on the program for components tests for the 88 MHz scheme.

Statements of interest

Ken Peach (RAL)

1. The MICE Letter of intent was presented to panel 25 March. Conclusions are not out yet. The review was very positive, and Rutherford Lab will invite the collaboration to present a full proposal. PSI and RAL managements had discussions about possible locations for MICE, leading to a collaboration for the beam line. MICE is an important

experiment and will be a good start to get things off the ground.

2. MUSCAT is nearly ready, with a new system of  Sci fiber trackers.

3. Several UK universities and RAL are involved in HARP.

4. RAL is involved in high power target studies, with collaboration with the Welding Institute in Cambridge, where one can generate shocks of the same order of magnitude as from high intensity proton beams.

5. For the Neutrino factory itself, a complementary approach to CERN design is followed:  fast cycling machines at higher energy.

6. KP raised the point that for the design, each lab builds on what is already existing at home. The review of what is the best proton driver (energy, repetition rate, ...) should be undertaken critically soon.

7. There is interest and theoretical studies on FFAGs, in particular to check if one can design a combined FFAG+Cooling channel.

8. There is strong interest at RAL for the neutrino factory, resources and recruitment are put into it; collaboration exists with Birmingham, Oxford, and Imperial College, and there is support in the ISIS machine community (Chris Prior + G. Rees, this team being reinforced by two new people)

9. Resources are a serious problem. Funding has been built up from 0 to 1.5 CHF/yr in UK for accelerator including staff cost. Given the present funding crisis, the growth planed will be somewhat delayed.

10. NUFACT02 will be in London this year with participation from the Science Minister.

HH suggested increased collaboration with Helge Ravn on target issues.

INFN: Marco Napolitano  (transparencies) 

In Italy, many theorists, experimenters and even accelerator physicists have been involved in Neutrino Factory studies since 1998. There are important contributions to HARP and in the LOI for MICE. HARP is seen as the first NuFact R&D experiment joined by INFN; the investment amounts to about 1 MCHF.

As far as MICE is concerned, INFN is interested in the sector of particle detectors, and are responsible for the proposal of using the TPG (a TPC read out by Gems). 

The goals of physics-oriented people will be:

1. completion of HARP data taking and analysis.

2. contributions to the JHF-neutrino program, which has several synergies with the neutrino factory.

3. MICE experiment

4. Studies of various options for future neutrino beams.

The accelerator group has a special funding program. The Frascati team have been involved in simulations for cooling channels and MICE in particular. In the future their contribution will be more reduced because of the involvement of L.N.Frascati in the high brightness light source XFEL that has been decided recently.  Finally, it is obvious that more intensity in CNGS should naturally seem interesting to INFN.

Legnaro  (Andrea Pisent): The laboratory is committed in the TRASCO project, a superconducting Linac for protons; they participate in the high intensity program which is seen as important for several applications. A normal conducting RFQ up to 30 mA of protons at 5 MeV is under construction,  5 mA at 100 MeV superconducting linac is being proposed to INFN for RIBs production as SPES project.

Alban Mosnier (CEA, Saclay)

The CEA Physicists will be interested in development of neutrino detectors. (François Pierre was excused due to an urgent health problem a few day before the meeting) 

From the accelerator side, Saclay is very interested in collaboration with CERN and other European institutes on the low energy driver, IPHI, which has interesting applications in particular for the low energy neutrino beams. 

The Saclay team is also involved in simulation studies for the decay channel (F. Meot), and in the design of magnets for MICE (Jean-Michel Rey). These contributions should be reviewed once collective priorities to be set together. 

Stavros Katsanevas (IN2P3) 

The neutrino physicists at IN2P3 are supportive of neutrino factory studies. The only practical involvement at present is a small group in HARP

Marcel Lieuvin (IN2P3)
There are 20-30 accelerator physicists in IN2P3. Total budget for accelerator R&D at IN2P3 is 1.5 MCHF. The first involvement is in the LHC. There is also a hadron therapy project, Soleil and RF couplers for TESLA. Within a couple of years the effort on LHC will be relaxed and new possibilities at IN2P3 for an exciting project. 

Main contributions would be to the injector IPHI. IN2P3 has participated in the CERN workshop April 25-26 to study the possibility of using IPHI for the SPL, with some pending questions: IPHI is a continuous beam at 100 mA, while SPL is a 50Hz pulsed machine with 25 mA. This requires a chopper at an energy now fixed at 3 MeV. IN2P3 will participate in tests at CERN with DTL cavity. 

ML expressed his opinion that it is important to define in a 2-5 years program with concrete tests and results. Paper studies never come to an end and this is somewhat frustrating. 

SK pointed out that Horns are being built in Orsay  (Macé) for CNGS. The group could be interested in the design of horns for super-beams or neutrino factory when present commitment is finished in 2003. HH makes the comment that Horns for Superbeam need not be quite the same as for the neutrino factory.

Oliver Boine-Frankenheim (GSI)  (transparencies):

GSI has a group with experience in modeling and measuring high intensity phenomena in ion beams. They can contribute to neutrino factory studies if there is some overlap with design work for the proposed GSI upgrade. GSI has experience in cooling (stochastic and electron) of exotic nuclei in storage rings. There exists a strong interest at GSI to collaborate in the field of novel fast beam cooling methods. 

GSI has experience in the initiation of a EU proposal (RTN project) on high current phenomena in particle beams. Insist that we should propose referees that have accelerator background to the European Union! More specifically the interest for the neutrino factory would be on the design of the proton driver, and corresponding beam dynamics studies, for which the GSI group has the tools. Especially long term space charge studies and bunch compression in accelerator rings and accumulators. There is the possibility to perform dedicated high intensity beam physics experiments at GSI, e.g.  Linac beam studies, electron cloud instability, microwave instabilities with space charge. Studies of beta beams would be very well suited

Ralph Eichler (PSI) 

RE summarized a number of activities and knowledge at PSI that could be of help for neutrino factory studies.  

1. It would be difficult to host the MICE experiment at PSI for lack of technical support.  Nevertheless PSI can offer a 5T 5m long decay channel, which will need forced flow of critical helium

2. PSI have cooled (by low energy friction cooling) a muon beam of 10000 muons per second (missing 10 orders of magnitude, and works only for (+)

3. PSI has a very high intensity proton beam (will have up to 1.5 MW soon) 3-D code for space charge exists.

4. The Megapie project (PSI, FZK (Karlsruhe), DOE, JAERI, KAERI, SCK-Belgium, as well as INFN-CEA-CNRS)  have developed a 1 MW liquid target. There are many problems related to safety, in particular the windows for liquid - solid interface. This liquid lead-bismuth experience should be precious for the liquid mercury target for Neutrino Factory. 

5. PSI knows (the) only ONE supplier that exists in the world – in Russia – for radiation hard magnets. . 

RE then made a general remark: Switzerland. would increase the CERN budget if it were used for R&D. However, somebody has to start making a proposal for this. Also, in case of manpower needs, one should stress the educational aspects of accelerator research. This could attract fellows from various programs, e.g. the program with the French region Rhone – Alpes and possibly others, for fellows working at CERN. 

RE made the warning that one should anticipate the amount of waste that a neutrino factory or superbeam will generate. One must have a solution for this when the project is proposed. (This, for instance, is necessary by law in Germany!) PSI spends 1MCHF per year for radioactive junk disposal.  From this point of view, electron machines, such as Free electron lasers, are ‘much nicer’. 

AB made the comment that a cyclotron trap idea for very low energy muon source had been proposed by PSI for the neturino factory (Kottmann) These preliminary ideas were unfortunately not actually completely followed up. 

The remaining of the meeting was spend in the preparation of the working plan which is a separate document. 

Next meeting
Next meeting : 

At the occasion of NUFACT02, for the summary talks followed by a meeting of the EMCOG. On Saturday 6, Sunday 7 July in London or Abingdon.

Tentative agenda of the next meeting: 

0.   approval of minutes etc… 

1. report from proton driver studies and proposal for front end implementation

2. target activities and proposal by H. Ravn. 

3. short report from MICE

4. European Union proposal report

5.   Proposal for ENFWG 

Unedited notes of the discussion during dinner

Raised points of ‘constitution of MCOC’

Whom does MCOC report to : lab directors and funding agencies directors

Term of mandate of delegates?

Mission of MCOC. (see invitation letter) 

Give message to Neutrino physics community. 

Eichler compares ESS committee to TESLA.

One needs one Bjorn Wiik, who believes that he carries a flag…. (may be not so extreme!) Certainly needs a lab that is behind the project. 

The neutrino factory studies will have to be considered as the next project after the LHC AT CERN. 

Target and horns will be interesting as investment in the medium term. 

Need to recommend a few experimental actions 

Define three or four crucial technologies. 

Accept that one lab takes the lead (e.g. responsibility)  

Need concrete proposals 

Carlo Wyss emphasizes the concrete R&D with spin-off (high intensity, target, material resistance (e.g.horn?)) 

Napolitano: but beware that doing something just for spin-offs is only propaganda

CONCERT project had difficulty because the communities involved (neutrino factory/transmutation/retreatment of wastes/….) are at very different levels of maturity. 

Target/high intensity/material resistance…. To see with Eurisol and waste disposal can be included, then. (ask Ravn about it) 

There is a large number of labs in Europe that are interested in high power proton target and surrounding elements.

Main line of thought we are going towards 

Napolitano proposes that Carlo Wyss (represents CERN) is the chairman of the MCOC and Alain is the Scientific secretary. 

Unanimity. 

Ken Peach invites the chairman to go on visits to the various labs to explain the project and conclusions. 

For horns one should set links with Orsay vs Simone….  

High intensity linacs. (Legnaro, Saclay) seems to be a natural collaboration… 

MICE Cooling experiment very long program and needs to be started soon. 

High mag field and tough configurations. (High gradient low frequency RF cavity)

Carlo Rubbia in Spain? 

Question of Eichler: How could countries contribute to R&D at CERN?

Preferred scheme is to ‘send people to CERN to be trained’ and of course also to distribute R&D researched supervised by CERN. Part of the R&D should happen at CERN, with people paid by countries. The reverse should absolutely happen. 

Need support from CERN. OK if this is in the context of target and 

horns. (Test facility in BA7)

Switz is eligible for grants starting  June 2002.  Full members of EU programs. 

M. Napolitano… MICE seems to well funded so no problem…(?) 

CERN involvement in it is a time dependent statement. 

(RF power sources should be earmarked so that  it does not disappear…) 

Nevertheless committee should state this as one of the EUROPEAN priorities, although CERN cannot contribute to it at the moment. 

Matrix of possibilities (including the choice of CLIC…) 

CERN owes it to the world to continue 

For instance should CERN recognize the R&D

Responsible demand of the group is that CERN should take no action that would compromise the long term of the project. 

For MICE there has to be an MOU, if CERN wishes to be a part of the collaboration. 

Keep going on…. 
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