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Introduction
The European Reactor/(13  Working Group was established in December 2002 when physicists with strong interest in the study of the structure of neutrinos and of neutrino oscillations met at the MPI Heidelberg. The participants from the Kurchatov Institute at Moscow, from the TU Munich, from CEA Saclay and from the MPI Heidelberg discussed the possibility to perform a one reactor - two detector underground neutrino oscillation experiment - Kr2Det [1] - at Krasnoyarsk, Russia, to search for the so far undetected transition between the first and third neutrino states, i.e. to constrain the |Ue3| mixing parameter.

Since then, the interest in an optimized reactor experiment has grown not only in Europe but also in Japan and America leading eventually to the first international Reactor/|Ue3| workshop organized in Alabama in April 2003. Prior to this workshop, the European working group had a meeting in Paris at the PCC College de France in order to widen the discussion on the feasibility of such an experiment on a short term, the current proposals, the other possible sites, the physics issues (limits achievable & complementarity with long baseline experiments), the best detector design, and the reduction/ measurement of the backgrounds.

Optimum Experimental Layout, Sensitivity Reach 

The analysis of efficiencies and systematic errors of the CHOOZ experiment [2] shows that a setup with two identical detectors at near resp. far distance from the reactor can result in a significantly reduced total systematic error of less than 1%.

Major conclusions from a detailed quantitative study [3] of a reactor neutrino oscillation experiment with a near and a far detector are:

· Compared to the CHOOZ limit [2], the sensitivity on sin²(2(13) is largely improved, being 1.8·10-2 resp. 7.6 ·10-3 for integrated luminosities of  400 t.GW.y resp. 8000 t.GW.y .
· The optimum distance of the far detector is about 1.7 km; the distance of the close detector has then to be (0.4-0.7 km in order to keep the maximum sensitivity.
· The impact of systematics, correlations and degeneracies depends on the final integrated luminosity; for example, at 8000 t.GW.y, the sensitivity limit becomes independent on the normalization error and the systematic bin-to-bin uncorrelated error of the measured positron spectrum does contribute most.
· Even at small integrated luminosity of 400 t.GW.y, a reactor experiment can compete with a first-generation superbeam experiment like JHF-SK.
· Reactor and superbeams experiments are complementary the former being less affected by correlations and degeneracies.

Ideally, the optimum experimental layout would be:
· One high power reactor with short annual off-time, two identical detectors at (0.4 km and about 1.7 km distance to reactor.

· Underground-operation of both detectors with a shielding of several hundreds meters water equivalent for efficient background suppression.

· A detector size matched to the reactor power so that an integrated luminosity of typically 8000 t GW y can be reached within the total running time.

Discussion of Current Proposals

The currently discussed sites (Kr2Det, Kashiwazaki, Wolf Creek, Diablo Canyon) were briefly reviewed and their sensitivity compared based on 4·104 accumulated neutrino interactions. It turns out that an analysis based on rates only is very sensitive to the optimal choice of baseline for a given

(m²atm. For example, for (m²atm=2.5·10-3 eV² the optimal baseline corresponds to about 1.8 km.  An analysis based on distortions of the shape of the energy spectrum ('shape analysis') is less sensitive with respect to the choice of distance to the far detector. However, it has been pointed out that for (m²atm close to the lower limit of the atmospheric for (m²atm range (1.5·10-3 eV²) a ~1.8 km distance to the far detector appears to increase the sensitivity in sin²(2(13) from 0.03 to 0.02 with respect to a distance of 1.1 km.

In addition to the so far discussed possible experimental locations, new potential sites have been identified in France. Their characteristics, advantages and disadvantages are being investigated. Further sites may be identified in the future. The sites under consideration are:

· Paluel: Channel coast, 4 cores, 16.5 GWth, surrounded by chalk cliffs. Topology would allow a near detector to be realized at about 500 m and a far detector at 1.8 km. In both cases horizontal drilling of a tunnel would be necessary. Rock overburden corresponds to approximately 150-400 mwe.

· Cruas: Southern France, river Rhone, 4 cores, 11.7 GWth. Near detector probably requires vertical drilling. Far detector: location could be developed by horizontal drilling with rock overburden up to about 1000 mwe.

· Penly: Channel coast, 2 cores, 8.3 GWth, surrounded by chalk cliffs. Near and far detector site could be developed by horizontal drilling into the chalk cliffs. Rock overburden 115 m (~230 mwe).

· Flamanville: Channel coast, 2 cores, 8.3 GWth. Reactor plant is located over an extended undersea mine. If mine access was reactivated, both near and far detector could be located in the mine at a depth of 90 or 150 m. More details about status and location of mine are needed in order to judge whether this could be a potential location.

Backgrounds

Potential sources of backgrounds to electron anti-neutrino detection were reviewed. In an ideal one-core configuration one could measure the background signal during reactor-off periods. At locations with more than one reactor core, reactor-off periods will most likely not be available regularly. The objective of detector design and location is to achieve uncertainties related to backgrounds which are small compared to the overall systematic uncertainties. A determination of the background contribution from the power variation of the reactors appears challenging at the required accuracy. If however the background signals are at minute levels (as shown by recent KamLAND results) and cut efficiencies well controlled, the uncertainties due to backgrounds would be negligible. The question was addressed whether a 'background free' (i.e. <1 background event per year) detector could be realized even at a relatively shallow depth corresponding to 150 mwe.

Following the design experience of the Borexino Counting Test Facility (CTF), of the Chooz detector and the recent studies for the HLMA project [3], backgrounds from impurities in the detector materials can be reduced to the required levels. Concentration levels of U/Th at 10-12 to 10-13 g/g and K at 10-10 to 10-11 g/g levels would suffice the requirements. More severe are backgrounds related to cosmic ray muon interaction in the detector [4] and the surrounding rocks. The following sources of backgrounds need to be evaluated carefully for each potential site and detector design. For simplicity a generic Borexino like design with 20 ton mass at a depth of 150 mwe are assumed. A muon flux of 1.4/m²/sec with a mean energy of 30 GeV is estimated. The main backgrounds due to cosmic ray have been identified and preliminary rates estimated: 
· Muon induced beta-neutron unstable isotopes (He-8, Li-9, Li-11): The overall production rate is estimated to be about 5/d/20t. The event sequence allows to tag this background efficiently (muon(gamma( beta (neutron).

· Muon induced C-11: Beta-plus decay with visible energy between 1 and 2 MeV, can not be tagged through preceding muon. The event rate is estimated to about 2.2 ·103/20t/d. This background may dominate the accidental backgrounds at low energies. This background can be discriminated either by a position cut between prompt and delayed event, or by increasing the rock overburden by about a factor two. As a last resort, a low-energy cut could be applied.
· Muon induced neutrons (visible parent muon):  The event rate is estimated to 4·103/d/20t. Muons passing the scintillator volume are self-vetoed. However, muons passing the buffer zones have degraded energies and thus can fall into the prompt energy window.

· Muon induced neutrons (invisible parent muon): Muons passing through the rocks close to the detector can create high energetic neutrons which can penetrate into the detector volume and create a recoil proton followed by neutron capture. The flux is estimated to 2 ·103/36m²/d (36 m² corresponds to the surface of a 20 m3 spherical detector).

· Capture of stopped negative muons: Because of the shallow depth the rate of stoped negative muons is about 3.5 ·103/d/20t. A fraction of these stopped muons are captured on C-12 with subsequent emission of nucleons. With a branching ratio (to be looked up) unstable isotopes are produced, of which beta-neutron instable isotopes have to be looked at carefully.
Further quantitative background studies are required for evaluating its contribution to the overall systematic error and thus to the sensitivity reach of a reactor/(13 experiment.
Detector Design

There is agreement that the detector layout will be similar to the CHOOZ/KamLAND/BOREXINO detectors. The detector core consists of a high-purity liquid scintillator; it is surrounded by a high purity buffer liquid. Both liquids are separated by a transparent plastic and are contained in a stainless steel vessel which also supports the photomultiplier. A third buffer volume (water) serve as a veto counter for muons and shield against neutrons. A further geometric scheme discussed would have two active scintillator volumes: the inner volume contains Gd-loaded and the adjacent volume unloaded scintillator. Both volumes are surrounded by a non-scintillating buffer and shielded by a water buffer.  
Many important details need, however, careful and special discussion, and some of them will depend on the chosen site:

· The choice of the scintillator is not obvious; unloaded liquid scintillator provides best optical properties as well as radio-purities. Gd-loaded scintillator shortens the neutron capture time and increases the neutron capture energy release (8 MeV) with respect to neutron capture on free protons (2.2 MeV). However, Gd-loaded scintillator improves the discrimination against accidental backgrounds only. If used, the question of radio purity and chemical stability are critical.

· The inner vessel separating scintillator and buffer oil has to be compatible with the scintillator material. Compared to a flexible inner vessel (like in Borexino/Kamland) a rigid container (like in CHOOZ) would guarantee much easier identical detector volumes. 
· The obvious shape of the inner vessel is spherical. It might be, however, interesting to study in detail a CHOOZ-like inner vessel which might allow to build 'identical' near and far detectors of different volumes by varying the length of the central cylindrical part.

· A high-efficient muon veto is mandatory.

· Pulse shape discrimination is desirable for studying background contributions.

· Precise calibration with radioactive sources covering the full volume of the detector core is essential, and new creative approaches might be needed to arrive at this goal. One proposition was to consider a small submarine carrying the sources and navigating within the scintillator liquid under remote control.
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Agenda of Meeting

Tuesday 22 April

14h - 14h15 : Welcome/Introduction
14h15 - 15h15 : Reactor Neutrino Experiments compared to Superbeams (Thomas Schwetz, TUM - 45'+15')

15h15 - 16h00 : The CHOOZ experiment & the |Ue3|2 measurement - review

of systematic errors.  How and where to  improve ? (H. de Kerret - 30'+15')

16h00 - 16h30 : Coffee break

16h30 - 17h30 : Review of the current proposals (Kr2Det, Kashiwasaki, etc) - Potential experiment sites in France ? (T.L. - 45'+15')

17h30 - 18h00 : Discussion 
Wednesday 23 April

9h00 - 9h30 : Analysis methods to account for near and far detectors - Systematic error handling (T. Schwetz, TUM, ~30')

09h30 - 10h15 : Discussion - Backgrounds: accidental, correlated, in-situ measurements (chaiperson: S. Schoenert)

10h15 - 10h45 : Coffee break

10h45 - 11h30 : Discussion - Detector design  (chairperson: L. Oberauer)
11h30 - 12h30 : Discussion - "European strategy", cost issues
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