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2A. Introdution 19B. The CERN-SPL Super Beam 19C. The CERN-βB baseline senario 21D. ombining SPL Beam and βB with MEMPHYS atFréjus 21E. Neutrino Fatory LAr detetor 22XII. Summary 23Aknowledgments 24Referenes 24I. PHYSICS MOTIVATIONThe pioneer Water �erenkov detetors (IMB,Kamiokande) were built to look for nuleon deay, apredition of Grand Uni�ed Theories. Unfortunately, nodisovery was made in this �eld and the neutrino physishas been the bread and butter sine the beginning ofrunning time of these detetors. Just to remind theglorious past: �rst detetion of a supernova neutrinoexplosion (SN1987A) (Aglietta et al., 1987; Bionta et al.,1987; Hirata et al., 1987, 1988b) aknowledged by theNobel prize for Koshiba, Solar (Hirata et al., 1989) andatmospheri anomalies disovery (Fukuda et al., 1998;Hirata et al., 1988a) whih have been explained as mass& mixing of the neutrinos, the latter being on�rmedby the �rst long base line neutrino beam, i.e. the K2Kexperiment (Aliu et al., 2005).The proposed detetors GLACIER1 (Ereditato andRubbia, 2005; Rubbia, 2004a,b), LENA2 (Oberaueret al., 2005; Undagoitia et al., 2005) and MEMPHYS3(de Bellefon et al., 2006), using di�erent tehniques willpush the disovery frontiers on several domains: nu-leon deay, supernova neutrinos (burst from sudden ex-plosion or di�use halo from past explosions), solar andatmospheri neutrinos, neutrinos from the Earth inte-rior (geo-neutrinos), aelerator made neutrinos, indi-ret dark matter searh... These items are reviewed inthe following setions after a brief desription of the keyparameters of the detetors while the underground sitesenvisaged are desribed in setion III.II. BRIEF DETECTOR DESCRIPTIONThe three detetors basi parameters are listed inTab. I. All of them have ative targets of tens to hun-dreds kilotons in mass and are situated in undergroundlaboratories to be proteted against bakground induedby osmi rays. The large size of these detetors is mo-tivated by the extremely low ross setions of neutrinosand/or the rareness of the interesting events searhed for.1 Giant Liquid Argon Charge Imaging ExpeRiment2 Low Energy Neutrino Astronomy3 MEgaton Mass PHYSis

FIG. 1 An artisti view of a 100 kton single tanker liquidargon detetor. The eletroni rates are loated at the topof the dewar.Some details of the detetors are disussed in the follow-ing setions while the Underground site related matter isdisussed in setion III.A. Liquid Argon TPCGLACIER (Fig. 1) is the foreseen extrapolation up to
100 kT of a Liquid Argon Time Projetion Chamber. Asummary of parameters are listed in Tab. I.The detetor an be mehanially subdivided into twoparts: (1) the liquid argon tanker and (2) the inner de-tetor instrumentation. For simpliity, we assume at thisstage that the two aspets an be deoupled.The basi idea behind this detetor is to use a single100 kton �boiling� ryogeni tanker with Argon refriger-ation (in partiular, the ooling is done diretly with Ar-gon, e.g. without nitrogen). Events an be reonstrutedin 3D using the information provided by ionization, in thefat the imaging apabilities make this detetor an "ele-troni bubble hamber". Sintillation and �erenkov lightreadout omplete the event information.One an pro�t from the ICARUS R&D whih hasshown that it is possible to operate PMTs immerseddiretly in the liquid Argon(Amerio et al., 2004). Inorder to be sensitive to DUV sintillation, the PMTare oated with a wavelength shifter (Tetraphenyl-Butadiene). About 1000 immersed phototubes with WLSwould be used to identify the (isotropi and bright) sin-tillation light. To detet �erenkov radiation about 27000immersed 8�-phototubes without WLS would provide a20% overage of the surfae of the detetor. As alreadymentioned, these latter PMTs should have single pho-ton ounting apabilities in order to ount the number of�erenkov photons.Charge ampli�ation and an extreme purity is neededto allow the foreseen long drifts (≈ 20 m), so the detetorwill run in bi-phase mode. Namely, drift eletrons pro-dued in the liquid phase are extrated from the liquidinto the gas phase with the help of an eletri �eld ofthe order of 3 kV/cm to ompensate the harge attenu-



3TABLE I Some basi parameters of the three detetor baseline designs. The underground laboratory related matter aredesribed in setion III GLACIER LENA MEMPHYSDetetor dimensionstype vertial ylinder horizontal ylinder 3 ÷ 5 shaftsdiam. x length φ = 70m × L = 20m φ = 30m × L = 100m (3 ÷ 5) × (φ = 65m × H = 65m)typial mass (kt) 100 50 440 ÷ 730Ative target and readout†type of target liquid argon phenyl-o-xylyethane water(boiling) (option: 0.2% GdCl3)readout type
e− drift 2 perp. views, 105hannels, ampli. ingas phase� light 27,000 8" PMTs, ∼

20% overageSint. light 1,000 8" PMTs 12,000 20" PMTs
>
∼ 20% overage 81,000 12" PMTs

∼ 30% overage
ation along drift. The harge will be amplied and readby means of Large Eletron Multiplier (LEM) devies. Apossible extension of the present design is the use of anexternal magneti �eld.Contat with the LNG (Lique�ed Natural Gas) andTehnodyne LtD have been taken to make feasibilitystudies to build suh ryogeni detetor in undergroundsite.B. Liquid SintillatorThe LENA detetor is ylindrial in shape, with alength of about 100m and 30m diameter (Fig. 2 andTab. I). An inside part of 13m radius ontains approxi-mately 5 × 107m3 of liquid sintillator while the outsidepart is �lled with water to at as a muon veto. Both theouter and the inner volume are enlosed in steel tanks of3 to 4 m wall thikness. For most purposes, a �duialvolume at 1m distane to the inner tank walls is de�ned,orresponding to 88% of the inner detetor volume.The detetors axis is aligned horizontally. A tunnel-shaped avern harbouring the detetor is well feasibleat most loations. In respet to aelerator physis, theaxis should be oriented towards the neutrino soure (e.g.CERN) in order to ontain the full length of muon andeletron traks.The default setting for light detetion in the inner dete-tor is the mounting of 12 000 photomultipliers (PMs) of20� diameter eah to the inner ylinder wall, whih overabout 30% of the surfae. As an option, light onentra-tors an be installed in front of the PMs, inreasing thesurfae overage c to values of more than 50%. Alter-natively, c = 30 % an be reahed by the equipment of8� PMs with light onentrators, thereby reduing osts

FIG. 2 Sketh of the LENA detetor.ompared to the default setting. Additional PMs aresupplied in the outer muon veto to detet the Cherenkovlight of inoming partiles.Possible andidates for the liquid sintillator are (1.)pure PXE (phenyl-xylyl-ethane), (2.) a mixture of 20%PXE and 80% Dodeane, or (3.) Linear Alkylbenzene(LAB). All three liquids are of minor toxiity to the envi-ronment and provide high �ash and in�ammation points.C. Water �erenkovThe MEMPHYS detetor (Fig. 3 and Tab. I) is anextrapolation of Super-Kamiokande up to 730 kT. This
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FIG. 3 Sketh of the MEMPHYS detetor under the Fréjusmountain (Europe).Water �erenkov detetor is a olletion of up to 5 shafts,and 3 are enough for 440 kt �duial mass whih is usedhereafter. Eah shaft is 65 m in diameter and 65 m heightfor the total water ontainer dimensions, and this repre-sent an extrapolation of a fator 4 with respet to theSuper-Kamiokande running detetor. The PMT surfaede�ned as 2 m inside the water ontainer is overed byabout 81,000 12" PMTs to reah a 30% surfae over-age equivalent to a 40% overage with 20" PMTs. The�duial volume is de�ned by an additional onservativeguard of 2 m. The outer volume between the PMT sur-fae and the water vessel is instrumented with 8" PMTs.If not ontrary mentionned, the Super-Kamiokande anal-ysis (e�ieny, bakground redution) is used to om-pute the physis potential of suh a detetor. In the USand in Japan, there are two ompetitors to MEMPHYS,namely UNO and Hyper-Kamiokande. These projetsare similar in many respets and the hereafter presentedphysis potential may be transposed also for those dete-tors4. Currently, there is a very promising R&D ativityonerning the possibility to introdue Gadolinium salt(GdCl3) in side the 1 kT Water �erenkov prototype ofthe K2K experiment. The physis goal is to dereasethe bakground in many physis hannels by tagging theneutron produed in the inverse beta deay interationof ν̄e on free protons. For instane, 100 tons of GdCl3 inSuper-Kamiokande would yield more then 90% neutronaptures on Gd (Beaom and Vagins, 2004).III. UNDERGROUND SITESThe proposed large detetors require underground lab-oratories of adequate size and depth, naturally protetedagainst osmi rays, whih represent a potential soureof bakground events mainly for non-aelerator experi-ments. Additional harateristis of these sites ontribut-4 Spei� harateristis that are not idential to the projets on-ern the distane to aelerators or reators

ing to qualify them as best andidates for the proposedprojets of experiments are: the type and quality of therok allowing the feasibility of suh a large averns atreasonable ost and time, the distane from existing orfuture aelerators and nulear reators, the type andquality of the aess, the geographial position, the qual-ity of the environment, et.The presently pre-seleted andidate sites in the worldare essentially loated in 3 regions : North-Ameria,Asia (Japan/Korea, . . . ) and Europe. In this paperwe onsider the European region, where, at this stage,the following sites are assumed as andidates: Fréjus(Frane/Italy), Pyhäsalmi (Finland), Boulby (UK), Can-fran (Spain) and Sieroszewie (Poland). The basi har-ateristis of these sites are presented on Tab. II. TheGran Sasso Lab. site (Italy) those possible partiipationis not �xed for the moment, and the possibility of under-water solutions (ex: Pylos for the LENA projet) is nottaken into aount here.The identi�ation and measurement of the di�erentbakground omponents in the andidate sites (muons,fast neutrons from muon interations, slow neutronsfrom nulear reations in the rok, gammas, ele-trons/positrons and alphas from radioative deays,�) isunderway mainly in the ontext of the ILIAS European(JRA) Network. The olletion of the presently knownvalues of these bakground omponents are reported onTab. II.For two of the andidate sites (Fréjus and Pyhäsalmi),a preliminary feasibility study has been already per-formed. For the Fréjus site the main onlusion from thesimulations (in 2005) onstrained by a series of rok pa-rameters measurements made during the Fréjus road tun-nel exavation, is that the "shaft shape" is strongly pre-ferred ompared to the "tunnel shape" for large avities.Several (up to 5) suh shafts avities with a diameter ofabout 65 m (a volume of 250 000 m3) eah, seem feasiblein the region around the middle of the Fréjus tunnel, at adepth of 4800 m.w.e, where by hane the quality of therok is the best. For the Pyhäsalmi site the preliminarystudy has been performed (in 2002) for two main avi-ties with tunnel-shape and dimensions (20×20×120)m3and (20× 20× 50) m3 respetively, and one shaft-shapedavity with 25 m in diameter and 25 m in height, all ata depth of about 1430 m of rok (4000 m.w.e).IV. PROTON DECAY SENSITIVITYFor all relevant aspets of the proton stability ingrand uni�ed theories, in strings and in branes see refer-ene (Nath and Perez, 2006).Sine proton deay is the most dramati preditionoming from theories where the matter is uni�ed, we hopeto test those senarios at future experiments. For thisreason, a theoretial upper bound on the lifetime of theproton is very important to know about the possibilitiesof future experiments.
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TABLE II Summary of relevant harateristis of some sites foreseen for the proposed detetors. The Rn ontent depends on the ventilation of the avity. To beompleted and ross-heked and unit uniformized as possible.Fréjus Pyhäsalmi Boulby Canfran SieroszowieLoation Italy-Frane border Finland UK Spain PolandDistane from CERN (km) 130 2300 1050 630 950Type of aess Fréjus tunnel Mine Potash Mine Somport tunnel MineVertial Depth (m.w.e) 4800 4000 3300 2500 ?Type of rok hard rok hard rok salt ? salt & rokType/size of avity shafts
Φ = 65 m, H = 80 m

tunnel
20 m× 20 m× 120 m ? ? ?

µ Flux (10−9 m−2s−1) 4.8 ? 41.7 200.0 ?n Flux (10−6 m−2s−1) 1.6 (0-0.63 eV)4.0 (2-6 MeV) ? 2.8 (>100 keV)1.3 (>1 MeV) 3.82 (integral) ?

γ Flux (m−2s−1) 7.0 (>4 MeV) ? ? 2 10−2 (energy?) ?

238U (ppm) Rok/Cavern 0.84/1.90 28-44 Bq/m3 0.07 30 Bq/kg ?

232Th (ppm) Rok/Cavern 2.45/1.40 4-19 Bq/m3 0.12 76 Bq/kg ?K (Bq/kg) Rok/Cavern 213/77 267-625 Bq/m3 1130 680 ?Rn (Bq/m3) Cavern (Vent. ON/OFF) 15-150 10-148 ? ? 50-100 Bq/kg ?



6Reently a model-independent upper bound on the to-tal proton deay lifetime has been pointed out (Dorsner and Perez, 2005a):
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FIG. 5 Isoplot for the upper bounds on the total proton life-time in years in the Dira neutrino ase in the MX�αGUTplane. The value of the unifying oupling onstant is var-ied from 1/60 to 1/10. The onventional values for MX and
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7TABLE III Summary of some reent preditions on proton partial lifetimes.Model Deay modes Predition ReferenesGeorgi-Glashow model - ruled out (Georgi and Glashow, 1974)Minimal realistinon-SUSY SU(5)
all hannels τupper

p = 1.4 × 1036 (Dorsner and Perez, 2005b; Dorsner et al., 2006)Two Step Non-SUSY SO(10) p → e+π0 ≈ 1033−38 (Lee et al., 1995)Minimal SUSY SU(5) p → ν̄K+ ≈ 1032−34 JEC:BibTex pbSUSY SO(10)with 10H , and 126H

p → ν̄K+ ≈ 1033−36 JEC:BibTex pbM-Theory(G2) p → e+π0 ≈ 1033−37 (Friedmann and Witten, 2003)but also optial proesses as sintillation, Cherenkov lightprodution, Rayleigh sattering and light absorption.From these simulations a light yield of ∼ 110 pe/MeV foran event in the enter of the detetor results. In addi-tion, to take into aount the so alled quenhing e�ets,the semi-empirial Birk's formula (Birks, 1964) has beenintrodued into the ode.A. p → e+π0Following UNO study, the detetion e�ieny of p →
e+π0 (3 showering rings event) is ǫ = 43% for a 20inh-PMT overage of 40% or its equivalent, as envi-sioned for MEMPHYS. The orresponding estimated at-mospheri neutrino indued bakground is at the levelof 2.25 events/Mt.yr. From these e�ienies and bak-ground levels, proton deay sensitivity as a funtion ofdetetor exposure an be estimated. A 1035 years partiallifetime (τp/B) ould be reahed at the 90% C.L. for a5 Mt.yr exposure (10 yrs) with MEMPHYS (similar toase A in Fig. 6). Beyond that exposure, tighter utsmay be envisaged to further redue the atmospheri neu-trino bakground to 0.15 events/Mt.yr, by seleting quasiexlusively the free proton deays.The positron and the two photons issued from the π0gives lear events in the GLACIER detetor. We �ndthat the π0 is absorbed by the nuleus ∼45% of the times.Assuming a perfet partile and trak identi�ation, onemay expet a 45% e�ieny and a bakground level of
1 event/Mt.y. So, for a 1 Mt.yr (10 yrs) exposure withGLACIER one reahes τp/B > 0.5 1035 yrs at 90% C.L.(see Fig. 8). In a liquid sintillator detetor the deay
p → e+π0 will produe a ∼ 938 MeV signal oming from
e+ and π0 showers. Only atmospheri neutrinos are ex-peted to ause bakground events in this energy range.Using the fat that showers from both e+ and π0 prop-agate ∼4 m in opposite diretions before being stopped,atmospheri neutrino bakground an be redued. Ap-plying this method, the urrent limit for this hannel
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prodution in atmospheri neutrino reations has beenperformed leading to a bakground rate of 0.064 y−1 dueto the reation νµ + p → µ− + K+ + p.For the urrent proton lifetime limit for the hannelonsidered (τp/B = 2.3 1033 y) (Kobayashi et al., 2005),about 40.7 proton deay events would be observed inLENA after a measuring time of ten years with less than1 bakground event. If no signal is seen in the detetorwithin this ten years, the lower limit for the lifetime ofthe proton will be plaed at τp/B > 4 1034 y at 90% C.L.GLACIER uses dE/dx versus range as disriminatingvariable in a Neural Net to obtain the partile identity.We expet less than 1% of kaons mis-identi�ed as pro-tons. In this hannel, the seletion e�ieny is high(97%) for a low bakground < 1 event/Mt.y. In ase ofabsene of signal, we expet to reah τp/B > 1.1 1035 yrsat 90% C.L. for 1 Mt.y (10 years) exposure (see Fig. 8).For the MEMPHYS detetor, one should rely on thedetetion of the deay produts of the K+ sine its mo-mentum (360 MeV) is below the water �erenkov thresh-old (ie. 570 MeV): a 256 MeV/ muon and its deayeletron (type I) or a 205 MeV/ π+ and π0 (type II),with the possibility of a delayed (12 ns) oinidene withthe 6 MeV 15N de-exitation prompt γ (Type III). Usingthe imaging and timing apability of Super-Kamiokande,the e�ieny for the reonstrution of p → νK+ is
ǫ = 33% (I), 6.8% (II) and 8.8% (III), and the bak-ground is at 2100, 22 and 6 events/Mt.yr level. For theprompt γ method, the bakground is dominated by mis-reonstrution. As stated by UNO, there are good rea-sons to believe that this bakground an be lowered byat least a fator 2 orresponding to the atmospheri neu-trino interation νp → νΛK+. In these onditions, andusing Super-Kamiokande performanes, a 5 Mt.yr MEM-PHYS exposure would allow to reah τp/B > 2 1034 yrs(see Fig. 7).
C. Comparison between the detetorsPreliminary omparisons have been done between thedetetors (Tab. IV). For the e+π0 hannel, the �erenkovdetetor gets a better limit due to their higher mass.However it should be noted that GLACIER, although�ve times smaller in mass than MEMPHYS, gets an ex-peted limit that is only a fator two smaller. Liquidargon TPCs and liquid sintillator detetors get betterresults for the ν̄K+ hannel, due to their higher detetione�ieny. The two tehniques look therefore quite om-plementary and it would be worth to investigate deeperthe pro and ons of eah tehniques with other hannelsnot yet addressed by the present study as e+(µ+)+γ andneutron deays.



9TABLE IV Summary of the e+π0 and ν̄K+ disovery po-tential by the three detetors. The e+π0 hannel is not yetsimulated in LENA. GLACIER LENA MEMPHYS
e+π0

ǫ(%)/Bkgd(Mt.y) 45/1 - 43/2.25

τp/B (90% C.L., 10 yrs) 0.5 × 1035 - 1.0 × 1035

ν̄K+

ǫ(%)/Bkgd(Mt.y) 97/1 65/1 8.8/3

τp/B (90% C.L., 10 yrs) 1.1 × 1035 0.4 × 1035 0.2 × 1035V. SUPERNOVA NEUTRINOSA supernova (SN) neutrino detetion represents one ofthe next frontiers of neutrino astrophysis. It will pro-vide invaluable information on the astrophysis of theore-ollapse explosion phenomenon and on the neutrinomixing parameters. In partiular, neutrino �avor transi-tions in the SN envelope are sensitive to the value of θ13and on the type of mass hierarhy, and the detetion ofSN neutrino spetra at Earth an signi�antly ontributeto sharpen our understanding of these unknown neutrinoparameters. On the other hand, a detailed measurementof the neutrino signal from a galati SN ould yield im-portant lues on the SN explosion mehanism.A. SN neutrino emission and osillationsA ore-ollapse supernova marks the evolutionary endof a massive star (M >∼ 8 M⊙) whih beomes inevitablyinstable at the end of its life: it ollapses and ejets itsouter mantle in a shok-wave driven explosion. The ol-lapse to a neutron star (M ≃ M⊙, R ≃ 10 km) liberatesa gravitational binding energy, EB ≈ 3 × 1053 erg, re-leased at ∼ 99% into (anti)neutrinos of all the �avors,and only at ∼1% into the kineti energy of the explo-sion. Therefore, a ore-ollapse SN represents one of themost powerful soures of (anti)neutrinos in the Universe.In general, numerial simulations of supernova explo-sions provide the original neutrino spetra in energy andtime F 0
ν . Suh initial distributions are in general modi-�ed by �avor transitions in SN envelope, in vauum (andeventually in Earth matter)

F 0
ν −→Fν (2)and must be onvolved with the di�erential interationross setion σe for eletron or positron prodution, aswell as with the detetor resolution funtion Re, and thee�ieny ε, in order to �nally get observable event rates:

Ne = Fν ⊗ σe ⊗ Re ⊗ ε (3)Regarding the initial neutrino distributions F 0
ν , a SN ol-lapsing ore is roughly a blak-body soure of thermalneutrinos, emitted on a timesale of ∼ 10 s. Energy

TABLE V Values of the p and p̄ parameters used in Eq. 4 indi�erent senario of mass hierarhy and sin2 θ13.Mass Hierarhy sin2 θ13 p p̄Normal >
∼ 10−3 0 cos2 θ12Inverted >
∼ 10−3 sin2 θ12 0Any <
∼ 10−5 sin2 θ12 cos2 θ12spetra parametrization are typially ast in the formof quasi-thermal distributions, with typial average en-ergies: 〈Eνe

〉 = 9 − 12 MeV, 〈Eν̄e
〉 = 14 − 17 MeV,

〈Eνx
〉 = 18−22MeV, where νx indiates any non-eletron�avor.The osillated neutrino �uxes arriving at Earth maybe written in terms of the energy-dependent �survivalprobability� p (p̄) for neutrinos (antineutrinos) as (Digheand Smirnov, 2000)
Fνe

= pF 0
νe

+ (1 − p)F 0
νx

Fν̄e
= p̄F 0

ν̄e
+ (1 − p̄)F 0

νx
(4)

4Fνx
= (1 − p)F 0

νe
+ (1 − p̄)F 0

ν̄e
+ (2 + p + p̄)F 0

νxwhere νx stands for either νµ or ντ . The probabilities pand p̄ ruially depend on the neutrino mass hierarhyand on the unknown value of the mixing angle θ13 asshown in Tab. V.B. SN neutrino detetionGalati ore-ollapse supernovae are rare, perhaps afew per entury. Up to now, supernova neutrinos havebeen measured only one during SN 1987A explosion inthe Large Magellani Cloud (d = 50 kp). Due to therelatively small masses of the detetors operative at thattime, only few events were deteted (11 in Kamiokande(Hirata et al., 1987, 1988b) and 8 in IMB (Aglietta et al.,1987; Bionta et al., 1987)). The three proposed large-volume neutrino detetors with a broad range of sienegoals might guarantee ontinuous exposure for severaldeades, so that a high-statistis supernova neutrino sig-nal may eventually be observed.Expeted number of events for GLACIER, MEMPHYSand LENA are reported in Tab. VI, for a typial galatiSN distane of 10 kp. In the upper panel it is reportedthe total number of events, while the lower part refers tothe νe signal deteted during the prompt neutronizationburst, with a duration of ∼ 25 ms, just after the oreboune.One an realize that ν̄e detetion by Inverse β De-ay is the golden hannel for MEMPHYS and LENA.In addition, the eletron neutrino signal an be detetedin LENA thanks to the interation on 12C. The threeharged urrent reations will deliver information on νeand ν̄e �uxes and spetra while the three neutral urrentreations, sensitive to all neutrino �avours will provideinformation on the total �ux. GLACIER has also the



10TABLE VI Summary of the expeted neutrino interation rates in the di�erent detetors for a 8M⊙ SN loated at 10 kp(Galati enter). The following notations have been used: IβD, eES and pES stands for Inverse β Deay, eletron and protonElasti Sattering, respetively. The �nal state nulei are generally unstable and deay either radiatively (notation ∗), or by
β−/β+ weak interation (notation β−,+). The rates of the di�erent reation hannels are listed, and for LENA they have beenobtained by saling the predited rates from (Beaom et al., 2002; Cadonati et al., 2002).MEMPHYS LENA GLACIERInteration Rates Interation Rates Interation Rates

ν̄e IβD 2 × 105 ν̄e IβD 9 × 103 νCC
e (40Ar, 40K∗) 2.5 × 104

(−)

νe
CC(16O, X) 104 νx pES 7 × 103 νNC

x (40Ar∗) 3.0 × 104

νx eES 103 νNC
x (12C∗) 3 × 103 νx eES 103

νx eES 600 ν̄CC
e (40Ar, 40Cl∗) 540

ν̄CC
e (12C, 12Bβ+

) 500

νCC
e (12C, 12Nβ−

) 85Neutronization Burst ratesMEMPHYS 60 νe eESLENA 70 νe eES/pES
νCC

e (12C, 12Nβ−

)GLACIER 380 νNC
x (40Ar∗)opportunity to see the νe by harged urrent interationson 40Ar with a very low threshold. The detetion om-plementarity between νe and ν̄e is of great interest andwould assure a unique way to probe SN explosion meh-anism as well as neutrino intrinsi properties. Moreover,the huge statistis would allow spetral studies in timeand in energy domain.We stress that it will be di�ult to establish SN neu-trino osillation e�ets solely on the basis of a ν̄e or

νe �spetral hardening� relative to theoretial expeta-tions. Therefore, in the reent literature the importaneof model-independent signatures has been emphasized.Here we fous mainly on the signatures assoiated to: theprompt νe neutronization burst, the shok-wave propa-gation, the Earth matter rossing.The analysis of the time struture of the SN signalduring the �rst few tens of milliseonds after the oreboune an provide a lean indiation if the full νe burstis present or absent and therefore allows one to distin-guish between di�erent mixing senarios as indiated bythe third olumn of Tab. VII. For example, if the massordering is normal and the θ13 is large, the νe burst willfully osillate into νx. If θ13 is measured in the labora-tory to be large, for example by one of the forthomingreator experiments, then one may distinguish betweenthe normal and inverted mass ordering.As disussed, MEMPHYS is mostly sensitive to theIβD, although the νe hannel an be measured by theelasti sattering reation νx + e− → e− + νx (Kahel-riess et al., 2005). Of ourse, the identi�ation ofthe neutronization burst is leanest with a detetor us-ing the harged-urrent absorption of νe neutrinos, likeGLACIER. Using its unique features to look at νe CC itis possible to probe osillation physis during the earlystage of the SN explosion, and using the NC it is possi-

ble to deouple the SN mehanism from the osillationphysis (Gil-Botella and Rubbia, 2003, 2004).A few seonds after ore boune, the SN shok wavewill pass the density region in the stellar envelope rel-evant for osillation matter e�ets, ausing a transientmodi�ation of the survival probability and thus a time-dependent signature in the neutrino signal (Fogli et al.,2003; Shirato et al., 2002). It would show a harater-isti dip when the shok wave passes (Fogli et al., 2005),or a double-dip feature if a reverse shok ours (Tomaset al., 2004). The detetability of suh a signature hasbeen studied in a Megaton Water �erenkov detetor likeMEMPHYS by the IβD (Fogli et al., 2005), and in aLarge liquid Argon detetor like GLACIER by Ar CCinterations (Barger et al., 2005). The shok wave ef-fets would be ertainly visible also in a large volumesintillator like LENA. Of ourse, apart from identifyingthe neutrino mixing senario, suh observations wouldtest our theoretial understanding of the ore-ollapseSN phenomenon.One unequivoal indiation of osillation e�ets wouldbe the energy-dependent modulation of the survival prob-ability p(E) aused by Earth matter e�ets (Lunardiniand Smirnov, 2001). The Earth matter e�ets an berevealed by wiggles in energy spetra and LENA bene-�t from a better energy resolution than MEMPHYS inthis respet whih may be partially ompensated by 10times more statistis (Dighe et al., 2003b). The Earthe�et would show up in the ν̄e hannel for the normalmass hierarhy, assuming that θ13 is large (Tab. VII).Another possibility to establish the presene of Earth ef-fets is to use the signal from two detetors if one of themsees the SN shadowed by the Earth and the other not.A omparison between the signal normalization in thetwo detetors might reveal Earth e�ets (Dighe et al.,



112003a). The shok wave propagation an in�uene theEarth matter e�et, produing a delayed e�et 5 − 7 safter the ore-boune, in some partiular situations (Lu-nardini and Smirnov, 2003) (Tab. VII).Exploiting these three experimental signatures, by thejoint e�orts of the omplementarity SN neutrino dete-tion in MEMPHYS, LENA, and GLACIER it would bepossible to extrat valuable information on the neutrinomass hierarhy and to put a bound on θ13, as shown inTab. VII.Other interesting ideas has been also studied in lit-erature, ranging from the pointing of a SN by neutri-nos (Tomas et al., 2003), an early alert for SN obser-vatory exploiting the neutrino signal (Antonioli et al.,2004), and the detetion of neutrinos from the last phasesof a burning star (Odrzywolek et al., 2004).Up to now, we have investigated SN in our Galaxy,but the alulated rate of supernova explosions within adistane of 10 Mp is about 1 per year. Although thenumber of events from a single explosion at suh largedistanes would be small, the signal ould be separatedfrom the bakground with the request to observe at leasttwo events within a time window omparable to the neu-trino emission time-sale (∼ 10 se), together with thefull energy and time distribution of the events (Andoet al., 2005). In a MEMPHYS detetor, with at leasttwo neutrinos observed, a supernova ould be identi�edwithout optial on�rmation, so that the start of the lighturve ould be foreasted by a few hours, along with ashort list of probable host galaxies. This would also allowthe detetion of supernovae whih are either heavily ob-sured by dust or are optially dark due to prompt blakhole formation.C. Di�use Supernova Neutrino BakgroundA galati Supernova explosion will be a spetaularsoure of neutrinos, so that a variety of neutrino and SNproperties ould be determined. However, only one suhexplosion is expeted in 20 to 100 years. Alternatively, ithas been suggested that we might detet the umulativeneutrino �ux from all the past SN in the Universe, the soalled Di�use Supernova Neutrino Bakground (DSNB)5. In partiular, there is an energy window around 20 −
40 MeV where the DSNB signal an emerge above othersoures, so that proposed detetors may measure this �uxafter some years of exposure times.The DSNB signal, although weak, is not only �guaran-teed�, but an also probe di�erent physis from a gala-ti SN, inluding proesses whih oure on osmologialsales in time or spae. This makes them omplementary5 We prefer the "Di�use" rather the "Reli" word to not onfusewith the primordial neutrinos produed one seond after the BigBang.

FIG. 9 Di�use supernova neutrino signal and bakground inLENA detetor in 10 years of exposure. Shaded regions givethe unertainties of all urves. An observational window be-tween ∼ 9.5 to 25 MeV that is almost free of bakground anbe identi�ed.to eletromagneti radiation whih is muh easier to de-tet, but also muh easier to be absorbed or sattered onits way.For instane, the DSNB signal is sensitive to the evolu-tion of the SN rate, whih is losely related to the star for-mation rate (Ando, 2004; Fukugita and Kawasaki, 2003).Additionally, neutrino deay senarios with osmologi-al lifetimes ould be analyzed and onstrained (Ando,2003), as proposed in (Fogli et al., 2004).An upper limit on the DSNB �ux has been set by theSuper-Kamiokande experiment (Malek et al., 2003)
φDSNB

ν̄e
< 1.2cm−2 s−1(Eν > 19.3 MeV) (5)However most of the estimates are below this limit andtherefore DSNB detetion appears to be feasible onlywith the large detetor foreseen, through ν̄e inverse betadeay in MEMPHYS and LENA detetors and through

νe + 40Ar → e− + 40K∗ (and the assoiated gamma as-ade) in GLACIER (Coo et al., 2004).Typial estimates for DSNB �uxes (see for example(Ando, 2004)) predit an event rate of the order of (0.1÷
0.5) m−2 s−1 MeV−1 for energies above 20 MeV.The DSNB signal energy window is onstrained fromabove by the atmospheri neutrinos and from below byeither the nulear reator ν̄e (I), the spallation produ-tion unstable radionulei by osmi ray muons (II), thedeay of "invisible" muon into eletron (III), and solar
νe neutrinos (IV). The three detetors are a�eted di�er-ently these bakgrounds.GLACIER looking at νe is mainly a�eted by type IV.MEMPHYS �lled with pure water is mainly a�eted bytype III due to the fat that the muons may have notenough energy to produe �erenkov light. As pointedout in (Fogli et al., 2005), with addition of Gadolinium



12TABLE VII Summary of the neutrino properties e�et on νe and ν̄e signals.MassHierarhy sin2 θ13

νe neutronizationpeak Shok wave Earth e�etNormal >
∼ 10−3 Absent νe

ν̄e

νe (delayed)Inverted >
∼ 10−3 Present ν̄e

νe

ν̄e (delayed)Any <
∼ 10−5 Present - both ν̄e νeTABLE VIII DSNB expeted rates. The larger numbers are omputed with the present limit on the �ux by SuperKamiokandeollaboration. The lower numbers are omputed for typial models. The bakground oming from reator plants have beenomputed for spei� loations for MEMPHYS and LENA. For MEMPHYS, the SuperKamiokande bakground has been saledby the exposure. More studies are needed to estimate the bakground at the new Fréjus laboratory.Interation Exposure Energy Window Signal/Bkgd1 shaft MEMPHYS + 0.2% Gd (with bkgd Kamioka)

ν̄e + p → n + e+

n + Gd → γ (8 MeV,
20 µs) 0.7 Mt.y5 yrs [15 − 30] MeV (43-109)/47LENA at Pyhäsalmi

ν̄e + p → n + e+

n + p → d + γ(2 MeV, 200 µs) 0.4 Mt.y10 yrs [9.5 − 30] MeV (20-230)/8GLACIER
νe + 40Ar → e− + 40K∗ 0.5 Mt.y5 yrs [16 − 40] MeV (40-60)/30(Beaom and Vagins, 2004) the detetion of the apturedneutron releasing 8 MeV gamma after of the order of

20 µs (10 times faster than in pure water), would givethe possibility to rejet neutrinos other than ν̄e that isto say not only the "invisible" muon (type III) but alsothe spallation bakground (type II). LENA taking bene-�t from the delayed neutron apture in ν̄e + p → n + e+,is mainly a�eted by reator neutrinos (I) whih imposeto hoose an underground site far from nulear plants: ifLENA is deployed at the Center for Underground Physisin Pyhäsalmi (CUPP, Finland), there will be an observa-tional window from ∼ 9.7 to 25 MeV that is almost freeof bakground. The expeted rates of signal and bak-ground are presented in Tab. VIII.Aording to DSN models (Ando, 2004) that are us-ing di�erent SN simulations from the LL (Totani et al.,1998), TBP (Thompson et al., 2003) and KRJ (Keil et al.,2003) groups for the predition of the DSN energy spe-trum and �ux, a detetion of ∼10 DSN events per year isexpeted in LENA. Signal rates orresponding to threedi�erent DSN models and the bakground rates due tothe reator (I) and atmospheri neutrinos are shown inFig. 9 for 10 years of measurement with LENA in CUPP.If no signal was deteted, a new limit of 0.08 m−2s−1 onthe �ux above 19.3MeV ould be ahieved within 10 yearsthat would surpass the one by the Super-Kamiokande de-tetor by a fator 15. In the lowest bakground region be-

tween 10.5 and 19.3MeV the limit of 0.2 m−2s−1 wouldbe a fator 7 below the lowest urrent model preditions.Apart from mere detetion, LENA will be able to dis-tinguish between di�erent DSN models and give on-straints on the form of the neutrino spetrum emittedby a ore-ollapse supernova. This an be reahed via ananalysis of the DSN's spetral slope. For the urrentlyfavoured value of the SFR, the disrimination betweenthe disussed LL and TBP models for the DSN will bepossible at a 2σ level after 14 years of measuring time.Distinguishing between DSN models with more similarspetral slopes, however, would require far higher statis-tis.In addition, by an analysis of the �ux in the energyregion from 10 to 14 MeV the SFR for z < 2 ould beonstrained at high signi�ane levels, as in this energyregime the DSN �ux is only weakly dependent on theassumed SN model.Finally, if one ahieves a threshold below 10 MeV forthe DSN detetion it might be possible to get a glimpse atthe low-energeti part of the spetrum that is dominatedby neutrinos emitted by SNe at redshifts z > 1. About
25% of the DSN events in the observational window willbe aused by these high-z neutrinos. This might providea new way of measuring the SFR at high redshifts. Atthese distanes, onventional astronomy looking for StarFormation Regions is strongly impeded by dust extin-
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FIG. 10 Possible 90% C.L. measurements of the emission pa-rameters of supernova eletron antineutrino emission after 5years running of a gadolinium-enhaned SK detetor or 1 yearof one gadolinium-enhaned MEMPHYS shaft (Yuksel et al.,2006).tion of the UV light that is emitted by young stars. The
z-sensitivity of the detetor ould be further improvedby hoosing a loation far away from the nulear powerplants of the northern hemisphere. For instane, a nearto optimum DSN detetion threshold of 8.4 MeV ouldbe realized by deploying LENA in Hawaii. This wouldalso lower the bakground due to atmospheri ν̄e.An analysis of the expeted DSN spetrum that wouldbe observed with a gadolinium-loaded Water �erenkovdetetor has been arried out in (Yuksel et al., 2006).The possible measurements of the parameters (integratedluminosity and average energy) of supernova ν̄e emis-sion have been omputed for 5 years running of a Gd-enhaned SuperKamiokande detetor, whih would or-respond to 1 year of one Gd-enhaned MEMPHYS shaft.The results are shown in Fig. 10. Even if detailed stud-ies on haraterization of the bakground are needed,the DSN events may be as powerful as the measurementmade by Kamioka and IMB with the SN1987A ν̄e events.VI. SOLAR NEUTRINOSIn the past yearsWater �herenkov detetors have mea-sured the high energy tail (E > 5 MeV) of the solar
8B neutrino �ux using eletron-neutrino elasti satter-ing (Smy, 2003). Sine suh detetors ould reord thetime of an interation and reonstrut the energy anddiretion of the reoiling eletron, unique information ofthe spetrum and time variation of the solar neutrino�ux was extrated. This provided further insights intothe �solar neutrino problem�, the de�it of the neutrino�ux (measured by several experiments) with respet to

the �ux expeted by the standard solar models . It alsoonstrained the neutrino �avor osillation solutions in afairly model-independent way.With MEMPHYS, Super-Kamiokande's measurementsobtained from 1258 days of data ould be repeated inabout half a year (the seasonal �ux variation measure-ment requires of ourse a full year). In partiular, a�rst measurement of the �ux of the rare "hep" neutri-nos may be possible. Elasti neutrino-eletron satteringis strongly forward peaked. To separate the solar neu-trino signal from the isotropi bakground events (mainlydue to low radioativity), this diretional orrelation isexploited. Angular resolution is limited by multiple sat-tering. The reonstrution algorithm �rst reonstrutsthe vertex from the PMT times and then the diretionassuming a single Cherenkov one originating from thereonstruted vertex. Reonstruting 7 MeV events inMEMPHYS seems not to be a problem but dereasingthe threshold would imply serious are of the PMT darkurrent rate as well as the laboratory and detetor ra-dioativity level.With LENA, one would get a large amount of neutri-nos from 7Be, arround ∼ 5.4 103/day. Depending on thesignal-to-bakground ratio, this would provide a sensitiv-ity for time variations in the 7Be neutrino �ux of ∼ 0.5%during one month of measuring time. Suh a sensitivitymay give information at a unique level on helioseismology(pressure or temperature �utuations) and on a possiblemagneti moment interation with a timely varying solarmagneti �eld.The pep neutrinos neutrinos are expeted also to bereorded at a rate of 210/day, this would provide a bet-ter understanding the global solar neutrino luminosity.The neutrino �ux from the CNO yle is theoretiallypredited only with the lowest auray (30%) of all so-lar neutrino �uxes. Therefore, LENA would provide anew opportunity for a detailed study of solar physis.However, the observation of suh solar neutrinos in thesedetetors, through i.e. elasti sattering, is not a sim-ple task, sine neutrino events annot be separated fromthe bakground, and it an be aomplished only if thedetetor ontamination will be kept very low (Alimontiet al., 1998a,b). Moreover, only mono-energeti souresas suh mentioned an be deteted, taking advantage ofthe Compton-like shoulder edge produed in the eventspetrum.Reently, it has been investigated the possibility to reg-ister 8B solar neutrinos by means of the harged urrentinteration with the 13C (Ianni et al., 2005) nulei natu-rally ontained in organi sintillators. Even, if the eventsignal does not keep the diretionality of the neutrino, itan be separated from the bakground by exploiting thetime and spae oinidene with the subsequent deay ofthe produed 13N nulei (remaining bakground of about
60/year orresponding to a redution fator of ∼ 3 10−4)(Ianni et al., 2005). Around 360 events of this type peryear an be estimated for LENA. A deformation due tothe MSW-e�et should be observable in the low-energy



14TABLE IX Number of events expeted in GLACIER peryear, ompared with the omputed bakground (no osilla-tion) in the Gran Sasso Laboratory (Italy) rok radioativ-ity ondition (i.e. 0.32 10−6 n cm−2 s−1(> 2.5 MeV). TheAbsorption hannel have been split into the ontributions ofevents from Fermi transition and from Gamow-Teller transi-tion of the 40Ar to the di�erent 40K exited levels and thatan be separated using the emitted gamma energy and mul-tipliity Events/yearElasti hannel (E ≥ 5 MeV) 45,300Neutron bkgd 1,400Absorption events ontamination 1,100Absorption hannel (Gamow-Teller transition) 101,700Absorption hannel (Fermi transition) 59,900Neutron bkgd 5,500Elasti events ontamination 1,700regime after a ouple of years of measurements.For the proposed LENA loation in Pyhäsalmi (∼
4000 m.w.e.), the osmogeni bakground will be suf-�iently low for the mentioned measurements. Notiethat Fréjus loation would be also good in this respet(∼ 4800 m.w.e.). The radioativity of the detetor wouldhave to be kept very low (10−17 g/g level U-Th) as in theKamLAND detetor.The solar neutrinos in GLACIER an be registeredthrough the elasti sattering νx+e− → νx+e− (ES) andthe absorption reation νe + 40Ar → e− + 40K∗ (ABS)followed by γs emission. Even if these reations have lowthreshold (e.g 1.5 MeV for the seond one), one expetsto operate in pratie with a threshold set at 5 MeV onthe primary eletron kineti energy to rejet bakgroundfrom neutron apture followed by gamma ray emissionwhih onstitute the main bakground in some under-ground laboratory (Arneodo et al., 2001) as for the LNGS(Italy). These neutrons are indued by the spontaneous�ssion of the avern rok (note that in ase of a salt minethis bakground may be signi�antly redued).The expeted raw event rate is 330,000/year (66% fromABS, 25% from ES and 9% from neutron bakground in-dued events) assuming the above mentioned thresholdon the �nal eletron energy. Then, applying further of-�ine uts to purify separatly the ES sample and the ABSsample, one gets the rates shown on Tab. IX.A possible way to ombine the ES and the ABS han-nels similar to the NC/CC �ux ratio measured by SNOollaboration (Aharmim et al., 2005), is to ompute thefollowing ratio:

R =
NES/NES

0

1

2

(

NAbs−GT /NAbs−GT
0 + NAbs−F /NAbs−F

0

) (6)where the numbers of expeted events without neutrinoosillations are labeled with a 0). This double ratio hasthe following advantages: �rst it is independent of the 8B
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FIG. 11 Disrimination of the wrong otant solution as afuntion of sin2 θtrue
23 , for θtrue

13 = 0. We have assumed 10years of data taking with a 440-kton detetor.total neutrino �ux, predited by di�erent solar models,and seond it is free of experimental threshold energybias and of the adopted ross-setions for the di�erenthannels. With the present �t to solar and KamLANDdata , one expets a value of R = 1.30 ± 0.01 after oneyear of data taking with GLACIER. The quoted error forR only takes into aount statistis.VII. ATMOSPHERIC NEUTRINOSAtmospheri neutrinos originates from the deay haininitiated by the ollision of osmi rays with the upperlayers of the Earth's atmosphere. The hadroni intera-tion between primary osmi rays (mainly protons andhelium nulei) and the light atmosphere nulei produesseondary π and K mesons, whih then deay giving ele-tron and muon neutrinos and antineutrinos. At lower en-ergies the main ontribution omes from π mesons, andthe deay hain π → µ + νµ followed by µ → e + νe + νµprodues essentially two νµ for eah νe. As the energyinreases, more and more muons reah the ground be-fore deays, and therefore the νµ/νe ratio inreases. For
Eν

>∼ 1 GeV the dependene of the total neutrino �uxon the neutrino energy is well desribed by a power law,
dΦ/dE ∝ E−γ with γ = 3 for νµ and γ = 3.5 for νe,whereas at sub-GeV energies the dependene beomesmore ompliated beause of the e�ets of the solar windand of the Earth's magneti �eld (Gonzalez-Garia andNir, 2003). As for the zenith dependene, for energieslarger than a few GeV the neutrino �ux is enhaned in



15the horizontal diretion sine pions and muons an travela longer distane before reahing the ground, and there-fore have more hanes to deay produing neutrinos.Historially, the atmospheri neutrino problem orig-inated in the 1980's as a disrepany between the at-mospheri neutrino �ux measured with di�erent exper-imental tehniques. In the previous years, a number ofdetetors had been built, whih ould detet neutrinosthrough the observation of the harged lepton produedin harged-urrent neutrino-nuleon interations insidethe detetor itself. These detetors ould be divided intotwo lasses: iron alorimeters, whih reonstruted thetrak or eletromagneti shower produed by the lep-ton, and water Cerenkov, whih measured instead theCerenkov light emitted by the lepton as it moved fasterthan light in water. The oldest iron alorimeters, Fre-jus (Daum et al., 1995) and NUSEX (Aglietta et al.,1989), found no disrepany between the observed �uxand the theoretial preditions, whereas the two waterCerenkov detetors, IMB (Beker-Szendy et al., 1992)and Kamiokande (Hirata et al., 1992), observed a learde�it in the predited νµ/νe ratio. The problem was�nally solved in 1998, when the water Cerenkov dete-tor Super-Kamiokande (Fukuda et al., 1998) establishedwith high statistial auray that there was indeed azenith- and energy-dependent de�it in the muon neu-trino �ux with respet to the theoretial preditions,and that this de�it was ompatible with the hypoth-esis of mass-indued νµ → ντ osillations. Also, theindependent on�rmation of this e�et from the ironalorimeter experiments Soudan-II (Allison et al., 1999)and MACRO (Ambrosio et al., 2001) eliminated the dis-repany between the two experimental tehniques.Despite providing the �rst solid evidene for neutrinoosillations, atmospheri neutrino experiments have re-eived only minor onsideration during the last years.This is mainly due to two important limitations:
• the sensitivity of an atmospheri neutrino experi-ments is strongly limited by the large unertaintiesin the knowledge of neutrino �uxes and neutrino-nuleon ross-setion. Suh unertainties an be aslarge as 20%.
• in general, water Cerenkov detetors do not allowan aurate reonstrution of the neutrino energyand diretion if none of the two is known �a priori�.This strongly limits the sensitivity to ∆m2, whihis very sensitive to the resolution on L/E.During its phase-I, Super-Kamiokande has olleted4099 eletron-like and 5436 muon-like ontained neutrinoevents (Ashie et al., 2005). With only about a hundredevents eah, K2K (Ahn et al., 2006) and Minos (Tagg,2006) already provide a stronger bound on the atmo-spheri mass-squared di�erene ∆m2

31. The present valueof the mixing angle θ23 is still dominated by Super-Kamiokande data, being statistis the most importantfator for suh a measurement, but strong improvements
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23 and π/2 − θtrue
23 , respe-tively, whereas the right panel shows the overall sensitivitytaking into aount both otants. We have assumed 8 yearsof LBL and 9 years of ATM data taking with the T2HK beamand a 1 Mton detetor.are expeted from the next generation of long-baselineexperiments (T2K (Itow et al., 2001) and NOνA (Ayreset al., 2004)).Despite these drawbaks, atmospheri detetors anstill play a leading role in the future of neutrino physisdue to the huge range in energy (from 100 MeV to 10 TeVand above) and distane (from 20 km to more than12000 Km) overed by the data. This unique feature,as well as the very large statistis expeted for a detetorsuh as MEMPHYS (20÷ 30 times the present SK eventrate), will allow a very aurate study of subdominantmodi�ations to the leading osillation pattern, thus pro-viding omplementary information to aelerator-basedexperiments. More onretely, atmospheri neutrinodata will be extremely valuable for:

• resolving the otant ambiguity: although futureLBL experiments are expeted to onsiderably im-prove the measurement of the absolute value of thesmall quantity D23 ≡ sin2 θ23 − 1/2, they will havepratially no sensitivity on its sign. On the other



16hands, it has been pointed out (Kim and Lee, 1998;Peres and Smirnov, 1999) that the νµ → νe onver-sion signal indued by the small but �nite valueof ∆m2
21 an resolve this degeneray. However,observing suh a onversion requires a very longbaseline and low energy neutrinos, and atmospherisub-GeV eletron-like events are partiularly suit-able for this purpose. In Fig. 11 we show the poten-tial of di�erent ATM+LBL experiments to exludethe otant degenerate solution.

• resolving the hierarhy degeneray: if θ13 is not toosmall, matter e�et will produe resonant onver-sion in the νµ ↔ νe hannel for neutrinos (antineu-trinos) if the mass hierarhy is normal (inverted).The observation of this enhaned onversion wouldallow the determination of the mass hierarhy. Al-though a magnetized detetor would be the bestsolution for this task, it is possible to extrat use-ful information also with a onventional detetorsine the event rates expeted for atmospheri neu-trinos and antineutrinos are quite di�erent. Thisis learly visible from Fig. 12, where we show howthe sensitivity to the mass hierarhy of di�erentLBL experiments is drastially inreased when theATM data olleted by the same detetor are alsoinluded in the �t.
• measuring or improving the bound on θ13: althoughatmospheri data alone are not expeted to be om-petitive with the next generation of long-baselineexperiments in the sensitivity to θ13, they will on-tribute indiretly by eliminating the otant degen-eray, whih is an important soure of unertaintyfor LBL. In partiular, if θtrue

23 is larger than 45◦then the inlusion of atmospheri data will onsid-erably improve the LBL sensitivity to θ13, as anbe seen from the right panel of Fig. 13.
• searhing for physis beyond the Standard Model:the appearane of subleading features in the mainosillation pattern an also be a hint for NewPhysis. The huge range of energies probed by at-mospheri data will allow to put very strong boundson mehanisms whih predit deviation from the

1/E behavior. For example, the bound on non-standard neutrino-matter interations and on othertypes of New Physis (suh as violation of theequivalene priniple, or violation of the Lorentzinvariane) whih an be derived from present datais already the strongest whih an be put on thesemehanisms (Gonzalez-Garia and Maltoni, 2004).The inreased statistis expeted for MEMPHYSwill further improve these onstraints.Finally, it is worth remembering that atmospheri neu-trino �uxes are themselves an important subjet of in-vestigation, and at the light of the preise determinationof the osillation parameters provided by long-baselineexperiments the atmospheri neutrino data aumulated

by MEMPHYS an be used as a diret measurement ofthe inoming neutrino �ux, and therefore as an indiretmeasurement of the primary osmi rays �ux.VIII. GEO NEUTRINOSThe total power dissipated from the Earth (heat �ow)has been measured with thermal tehniques to be 44.2±
1.0 TW. Despite this small quoted error, a more reentevaluation of the same data (assuming muh lower hy-drothermal heat �ow near mid-oean ridges) has led toa lower �gure of 31 ± 1 TW. On the basis of studies ofhondriti meteorites the alulated radiogeni power isthought to be 19 TW (about half of the total power), 84%of whih is produed by 238U and 232Th deay whih inturn produe ν̄e by β deays. It is then of prime impor-tane to measure the ν̄e �ux oming from the Earth toget geophysial information, with possible appliations inthe interpretation of the geomagnetism.The KamLAND ollaboration has reently reportedthe �rst observation of the geo-neutrinos (Araki et al.,2005a). The events are identi�ed by the time and dis-tane oinidene between the prompt e+ and the delayed(200 µs) neutron apture produed by ν̄e + p → n + e+and emiting a 2.2 MeV photons. The energy windowto look at the geo-neutrino events is [1.7, 3.4] MeV: thelower bound orresponds to the reation threshold whilethe upper bound is onstraints by the nulear reator in-dued bakground events. The measured rate in the 1 kTliquid sintillator detetor loated at Kamioka (Japan) is
25+19

−18 for a total bakground of 127 ± 13 events. Thebakground is omposed by 2/3 of ν̄e from the nulearreators in Japan and Korea6 and 1/3 of events omingfrom neutrons of 7.3 MeV produed in 13C(α, n)16O rea-tions and aptured as in the inverse beta deay reation.The α partiles ome from the 210Po deays daughterof the 222Rn of natural radioativity origin. The mea-sured geo-neutrino events an be onverted in a rate of
5.1+3.9

−3.6 10−31 ν̄e per target proton per year orrespondingto a mean �ux of 5.7 106cm−2 s−1, or this an be trans-formed into a 99% CL upper bound of 1.45 10−30 ν̄e pertarget proton per year (1.62 107cm−2 s−1 and 60 TW forthe radiogeni power).In MEMPHYS, one expets 10 times more geo-neutrino events but this would imply to derease the trig-ger threshold to 2 MeV whih seems very hallenging withrespet to the present SuperKamiokande threshold set to4.6 MeV due to high level of raw trigger rate 120 Hz andinreasing by a fator 10 eah times the trigger is low-ered by 1 MeV (Fukuda et al., 2003). This trigger rate isdriven by a number of fators as dark urrent of the PMT,6 These events have been used by KamLAND to on�rm and mea-sure preisely the Solar driven neutrino osillation parametersXI.
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γs from the rok surrounding the detetor, radioativedeay in the PMT glass itself and Radon ontaminationin the water.In LENA at the underground laboratory at CUPP ageo-neutrino rate of roughly 1000/y from the dominant
ν̄e + p → e+ + n inverse beta-deay reation is expeted.The delayed oinidene measurement of the positronand the 2.2 MeV gamma event, following neutron ap-ture on protons in the sintillator provides a very e�ienttool to rejet bakground events. The threshold energyof 1.8 MeV allows the measurement of geoneutrinos fromthe Uranium and Thorium series, but not from 40K. Wealulate for LENA at CUPP a reator bakground rateof about 240 events per year in the relevant energy win-dow from 1.8 MeV to 3.2 MeV. This bakground an besubtrated statistially using the information on the en-tire reator neutrino spetrum up to ≃ 8 MeV. As itwas shown in KamLAND a serious bakground souremay ome from radio impurities. There the orrelatedbakground from the isotope 210Po is dominating. How-ever, with an enhaned radiopurity of the sintillator,the bakground an be signi�antly redued. Taking theradio purity levels of the CTF detetor, where a 210Poativity of 35 ± 12/m3d in PXE has been observed, thisbakground would be redued by a fator of about 150ompared to KamLAND and would aount to less than10 events per year in the LENA detetor. An additionalbakground that imitates the geoneutrino signal is dueto 9Li, whih is produed by osmi muons in spallationreations with 12C and deays in a β-neutron asade.Only a small part of the 9Li deays falls into the energywindow whih is relevant for geo-neutrinos. KamLANDestimates this bakground to be 0.30±0.05 (Araki et al.,2005a). At CUPP the muon reation rate would be re-dued by a fator ≃ 10 due to better shielding and thisbakground rate should be at the negligible level of ≃ 1event per year in LENA.From this onsiderations we follow that LENA wouldbe a very apable detetor for measuring geo-neutrinos.Di�erent Earth's models ould be tested with great sig-ni�ane. The sensitivity of LENA for probing the un-orthodox idea of a geo-reator in the Earth's ore wasestimated too. At the CUPP underground laboratory inPyhäsalmi the neutrino bakground with energies up to
≃ 8 MeV due to nulear power plants was alulated tobe around 2200 events per year. At CUPP a 1 TW geo-reator in the Earth's ore would ontribute 210 eventsper year and ould be identi�ed at a statistial level ofbetter than 4σ after only one year of measurement and af-ter 10 years a 4σ sensitivity for 0.3 TW would be reahed.Finally, in GLACIER the ν̄e+40Ar → e++40Cl∗ has athreshold of 7.5 MeV whih is too high for geo-neutrinodetetion.
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FIG. 15 Minimum number of years required to laim a dis-overy WIMP signal from the Sun in a 100 kton LAr detetoras funtion of σelastic for three values of the WIMP mass.as a funtion of the WIMP's elasti satter ross setionfor a range of masses up to 100 GeV.The detetor disovery potential, i.e. the number ofyears needed to laim a WIMP signal has been disov-ered, is shown in Figs. 14 and 15. With the assumedset-up and thanks to the low bakground environmento�ered by the LAr TPC, a lear WIMP signal would bedeteted provided the elasti sattering ross setion inthe Sun is above ∼ 10−4 pb.X. NEUTRINOS FROM REACTORSthe KamLAND 1 kT liquid sintillator detetor lo-ated at Kamioka in Japan had measured the �ux of 53power reators delivering 701 Joule/m2 (Araki et al.,2005b). The event rate of 365.2 ± 23.7 above 2.6 MeVin 766 ton.y exposure from this nulear power reatorswas expeted. The observed rate was 258 events witha total of bakground of 17.8 ± 7.3. The lear de�itinterpreted in terms of neutrino osillation leads to themeasurement of θ12, the neutrino 1-2 family mixing angle(sin2 θ12 = 0.31+0.02
−0.03) as well as the mass squared di�er-ene ∆m2

12 = 7.9 ± 0.3 10−5eV2 (error quoted at 1 σ).For the future preise measurements are under investi-gation. to be on�rmed by Th. Shwetz: Running Kam-LAND for 2-3 more years would gain 30% (4%) redutionin the spread of ∆m2
12 (θ12).Although, it has been shownin setions V and VIII that ν̄e originated from nulear re-ators an be a serious bakground for di�use supernovaneutrino and geo-neutrino detetions, the Fréjus site an
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21 = 7.9 × 10−5 eV2 and

sin2 θ12 = 0.30 and in the absene of osillations, determinedusing one year data of MEMPHYS-Gd and LENA loated atFrejus. The error bars orrespond to 1σ statistial error.take bene�t of the nulear reators loated in the Rhonevalley to measure ∆m2
21 and sin2 θ12.In fat approximately 67% of the total reator ν̄e �uxat Fréjus originates from four nulear power plants inthe Rhone valley, loated at distanes between 115 kmand 160 km. The indiated baselines are partiularlysuitable for the study of the ν̄e osillations driven by

∆m2
21�they are similar to those exploited in the Kam-LAND experiment. (Petov and Shwetz, 2006) have in-vestigated the possibility to use one module of MEM-PHYS (147 kt �duial mass) doped with Gadolinium(MEMPHYS-Gd) or the LENA detetor, updating theprevious work of (Choubey and Petov, 2004). Above3 MeV (2.6 MeV) the event rate is 59,980 (16,670)events/yr for MEMPHYS-Gd (LENA), whih is morethan 2 orders of magnitude ompared to KamLANDevent rate.To test the sensitivity of the experiments the promptenergy spetrum is divided into 20 bins between 3 MeVand 12 MeV for MEMPHYS-Gd and SK-Gd, and into 25bins between 2.6 MeV and 10 MeV for LENA (Fig. 16).A χ2 analysis taking into aount the statistialand systematial errors shows that eah of the twodetetors�MEMPHYS-Gd and LENA, if plaed atFréjus, would allow a very preise determination of thesolar neutrino osillation parameters ∆m2

21 and sin2 θ12:with one year, the 3σ unertainties on ∆m2
21 and sin2 θ12an be redued respetively to less than 3% and to ap-proximately 20% (see also Fig. 17). In omparison, theGadolinium doped Super-Kamiokande detetor (SK-Gd)that might be envisaged in a near future an reah a sim-ilar preision if the SK/MEMPHYS �duial mass ratioof 1 to 7 is ompensated by a longer SK-Gd data tak-ing time. Several years of reator ν̄e data olleted by
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sin2 θ12, whih an be obtained using one year of data fromMEMPHYS-Gd and LENA at Frejus, and from SK-Gd atKamioka, ompared to the urrent preision from solar neu-trino and KamLAND data. We show the allowed regions at
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21 − sin2 θ12 plane, as well as theprojetions of the χ2 for eah parameter.MEMPHYS-Gd or LENA would allow a determinationof ∆m2
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31 and sin2 θ23 in fu-ture long-baseline superbeam experiments like T2HK inJapan or SPL from CERN to MEMPHYS. Hene, suhreator measurements would omplete the program of thehigh preision determination of the leading neutrino os-illation parameters.XI. NEUTRINOS FROM BEAMSA. IntrodutionIn this setion, we review the physis program of-fered by the proposed detetors using di�erent ael-erator based neutrino beams to push the searh for a
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νµ disappearane and νµ → νe appearane studies. Thephysis potential of the SPL Super Beam with MEM-PHYS has been extensively studied (see (ISS, 2006; Bal-dini et al., 2006; Campagne et al., 2006) for reent stud-ies) ; however, the beam simulation will need some re-
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sin2 θ12 = 0.3. The shaded region orresponds to the 99% CLregion from present SK and K2K data (Maltoni et al., 2004).tuning after HARP results (Catanesi et al., 2001).After 5 years exposure in νµ disappearane mode, a
3σ auray of (3-4)% an be aheived on ∆m2

31, and anauray of 22% (5%) on sin2 θ23 if the true value is 0.5(0.37) that is to say in ase of a maximal mixing or a non-maximal mixing (Fig. 19). The use of atmospheri neu-trinos (ATM) an alleviate the otant ambiguity in aseof non-maximal mixing as it is shown in Fig. 19. Notehowever, thanks to a higher energy beam (∼ 750 MeV),the T2HK projet7 an bene�t from a muh lower de-pendane on the Fermi motion to obtain a better energyresolution and onsequently better results.In appearane mode (2 years νµ plus 8 years ν̄µ), a
3σ disovery of non-zero θ13, irrespetive of the atualtrue value of δCP, is ahieved for sin2 2θ13

>∼ 4 10−3(θ13
>∼ 3.6◦) as shown on Fig. 20. For maximal CPviolation (δtrue

CP = π/2, 3π/2) the same disovery levelan be ahieved for sin2 2θ13
>∼ 8 10−4 (θ13

>∼ 0.8◦).The best sensitivity for testing CP violation (i.e the dataannot be �tted with δCP = 0 nor δCP = π) is ahieved7 Here, we make referene to the projet where a 4MW protondriver may be build at KEK laboratory to deliver an intenseneutrino beam, whih send to Kamioka mine is deteted by alarge Water �erenkov detetor.
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for sin2 2θ13 ≈ 10−3 (θ13 ≈ 0.9◦) as shown on Fig. 21.The maximal sensitivity is ahieved for sin2 2θ13 ∼ 10−2where the CP violation an be established at 3σ for 73%of all the δtrue

CP .



21C. The CERN-βB baseline senarioAlthough quite powerful, the SPL Super Beam is aonventional neutrino beam with known limitations dueto 1) a lower prodution rate of anti-neutrinos omparedto neutrinos whih in addition to a smaller harged ur-rent ross-setion impose to run 4 times longer in anti-neutrino modes; 2) the di�ulty to setup a auratebeam simulation whih implies to the design of a non-trivial near detetor setup (f. K2K, MINOS, T2K) tomaster the bakground level. Thus, a new type of neu-trino beam, the so-alled βB.The idea is to generate pure, well ollimated and in-tense νe(ν̄e) beams by produing, olleting, aeleratingradioative ions. The resulting βB spetra an be easilyomputed knowing the beta deay spetrum of the par-ent ion and the Lorentz boost fator γ, and these beamsare virtually bakground free from other �avors. Thebest ion andidates so far are 18Ne and 6He for νeand ν̄e,respetively.A baseline study for the βB has been initiated atCERN, and is now going on within the European FP6 de-sign study for EURISOL. The potential of suh βB sentto MEMPHYS has been studied in the ontext of thebaseline senario, using referene �uxes of 5.8·1018 6Heuseful deays/year and 2.2·1018 18Ne deays/year, orre-sponding to a reasonable estimate by experts in the �eldof the ultimately ahievable �uxes. The optimal values isatually γ = 100 for both speies, and the orrespondingperformanes have been reently reviewed in referene(ISS, 2006; Baldini et al., 2006; Campagne et al., 2006).On Figs. 20,21 the results of running a βB during10 years (5 years with neutrinos and 5 years with anti-neutrinos) is shown and prove to be far better omparedto a SPL Super beam run, espeially for maximal CPviolation where a non-zero θ13 value an be stated at 3σfor sin2 2θ13
>∼ 2 10−4 (θ13

>∼ 0.4◦). Moreover, it is no-tieable that the βB is less a�eted by systemati errorson the bakground ompared to the SPL Super beam andT2HK.Before ombining the two possible CERN beams, let usonsider LENA as potential detetor. LENA an as wellbe used as detetor for a low-energy βB osillation ex-periment. Using a neutrino beam of about 600-800 MeV,muon events are separable from eletron events due totheir di�erent trak lengths in the detetor and due tothe eletron emitted in the muon deay after a meantime of 2.2 µs.In simulations it has been shown that for those ener-gies, muons travel ∼ 3 m while eletrons only ∼ 1 m aseletrons undergo sattering and bremsstrahlung. Thisresults in di�erent distributions of the number of photonsand the timing pattern, whih an be used to distinguishbetween the two lasses of events. Further studies on theevent position reonstrution will be performed to esti-mate the e�ieny of muon/eletron separation. In addi-tion, muons an be reognized by observing the eletronof its sueeding deay. It has been alulated that the

e�ieny in the detetion of these eletrons is ∼ 96%.For the rest of events the deay happens too fast andannot be resolved from the preeding muon signal.It is important to point out that for the mentionedmuon/eletron separation, a �duial volume has to bede�ned to guarantee full ontained events. This wouldredue the �duial volume of LENA by only 10%.The advantage of using a liquid sintillator detetorfor suh an experiment is the good energy reonstrutionof the neutrino beam. Neutrinos of these energies anprodue delta resonanes whih subsequently deay intonuleon and pion. In Water �erenkov detetors, pionswith energies under the �erenkov threshold ontributeto the error in the energy of the neutrino. In LENAthese partiles an be deteted.To onlude this setion, let us mention a very reentdevelopment of the βB onept: �rst, authors of referene(Rubbia et al., 2006) are onsidering a very promisingalternative for the prodution of ions, and seondly, thepossibility to have monohromati, single �avor neutrinobeams by using ions deaying through the eletron ap-ture proess (Bernabeu et al., 2005; Sato, 2005). Suhbeams would in partiular be perfet to preisely mea-sure neutrino ross setions in a near detetor with thepossibility of an energy san by varying the γ value ofthe ions.D. ombining SPL Beam and βB with MEMPHYS at FréjusSine a βB uses only a small fration of the protonsavailable from the SPL, Super and Beta beams an berun at the same time. The ombination of Super and
β beams o�ers advantages, from the experimental pointof view, sine the same parameters θ13 and δCP may bemeasured in many di�erent ways, using 2 pairs of CPrelated hannels, 2 pairs of T related hannels, and 2pairs of CPT related hannels whih should all give o-herent results. In this way the estimates of the systematierrors, di�erent for eah beam, will be experimentallyross-heked. And, needless to say, the unosillated datafor a given beam will give a large sample of events orre-sponding to the small searhed-for signal with the otherbeam, adding more handles on the understanding of thedetetor response.Their ombination after 10 years leads to minor im-provements on the sensitivity on θ13 and δCP ompare tothe βB alone results as shown on Fig. 20. But, the im-portant point onsidering the ombination of the βB andthe Super Beam is looking at neutrino modes only: νµ forSPL and νe for βB. If CPT symmetry is assumed, all theinformation an be obtained as Pν̄e→ν̄µ

= Pνµ→νe
and

Pν̄µ→ν̄e
= Pνe→νµ

. We illustrate this synergy in Fig. 22.In this senario, time onsuming anti-neutrino runningan be avoided keeping the same physis disovery po-tential.One an also ombine SPL, βB and the atmospherineutrinos (ATM) to alleviate the parameter degenera-
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3σ (∆χ2 > 9) for 5 yrs neutrino data from βB, SPL, andthe ombination of βB + SPL ompared to 10 yrs data fromT2HK (2 yrs neutrinos + 8 yrs antineutrinos).ies whih lead to disonneted regions on the multi-dimensional spae of osillation parameters8. Atmo-spheri neutrinos, mainly multi-GeV e-like events, aresensitive to the neutrino mass hierarhy if θ13 is su�-iently large due to Earth matter e�ets, whilst sub-GeV
e-like events provide sensitivity to the otant of θ23 dueto osillations with ∆m2

21.The result of running during 5 years on neutrino modefor SPL and βB, adding further the ATM data, is shownon Fig. 23 (Campagne et al., 2006). One an appreiatethat pratially all the degeneraies an be eliminatedas only the solution with the wrong sign survives with a
∆χ2 = 3.3. This last degeneray an be ompletely elim-inated using neutrino mode ombined with anti-neutrinomode and ATM data (Campagne et al., 2006), howeverthe example shown is a favorable ase with sin2 θ23 = 0.6,and in general for sin2 θ23 < 0.5 the impat of the atmo-spheri data is weaker.So, as a generi ase, for the CERN-MEMPHYSprojet, one is left with the four intrinsi degeneraies.However, the important observation of Fig. 23 is thatdegeneraies have only a very small impat on the CPviolation disovery, in the sense that if the true solu-tion is CP violating also the fake solutions are loatedat CP violating values of δCP. Therefore, thanks to therelatively short baseline without matter e�et, even ifdegeneraies a�et the preise determination of θ13 and
δCP, they have only a small impat on the CP violationdisovery potential. Furthermore, one would quote ex-pliitly the four possible set of parameters with their re-spetive on�dential level. It is also lear from the �gurethat the sign(∆m2

31) degeneray has pratially no e�eton the θ13 measurement, whereas the otant degenerayhas very little impat on the determination of δCP. Someother features of the ATM data are presented in Se. VII.8 See referene (Burguet-Castell et al., 2001; Fogli and Lisi, 1996;Minakata and Nunokawa, 2001) for the de�nitions of intrinsi,hierarhy, and otant degeneraies
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31| (θ23) has been as-sumed, whereas for the left and right panel the default valueof 10% has been used.E. Neutrino Fatory LAr detetorIn order to fully address the osillation proesses at aneutrino fatory, a detetor should be apable of identi-fying and measuring all three harged lepton �avors pro-dued in harged urrent interations and of measuringtheir harges to disriminate the inoming neutrino he-liity. The GLACIER onept (in its non-magnetizedoption) provides a bakground free identi�ation of ele-tron neutrino harged urrent and a kinematial sele-tion of tau neutrino harged urrent interations. Wean assume that harge disrimination is available formuons reahing an external magnetized-Fe spetrometer.Another interesting and extremely hallenging possibil-ity would onsist on magnetizing the whole liquid argonvolume (Badertsher et al., 2005). This set-up allowsthe lean lassi�ation of events into eletron, right-signmuon, wrong-sign muon and no-lepton ategories. Inaddition, high granularity permits a lean detetion ofquasi-elasti events, whih by deteting the �nal stateproton, provide a seletion of the neutrino eletron heli-ity without the need of an eletron harge measurement.Table X summarizes the expeted rates for GLACIERand 1020 muon deays at a neutrino fatory with storedmuons having an energy of 30 GeV (Bueno et al., 2000).
Ntot is the total number of events and Nqe is the numberof quasi-elasti events.Figure 24 shows the expeted sensitivity in the mea-surement of θ13 for a baseline of 7400 km. The maximalsensitivity to θ13 is ahieved for very small bakgroundlevels, sine we are looking in this ase for small signals;most of the information is oming from the lean wrong-sign muon lass and from quasi-elasti events. On theother hand, if its value is not too small, for a measure-ment of θ13, the signal/bakground ratio ould be not soruial, and also the other event lasses an ontribute



23TABLE X Expeted events rates for the GLACIER detetorin ase no osillations our for 1020 muon deays. We assumeEµ=30 GeV. Ntot is the total number of events and Nqe is thenumber of quasi-elasti events.Event rates for various baselinesL=732 km L=2900 km L=7400 km
Ntot Nqe Ntot Nqe Ntot Nqe

νµ CC 2260000 90400 144000 5760 22700 900
µ− νµ NC 673000 − 41200 − 6800 −

1020 deays νe CC 871000 34800 55300 2200 8750 350
νe NC 302000 − 19900 − 3000 −

νµ CC 1010000 40400 63800 2550 10000 400
µ+ νµ NC 353000 − 22400 − 3500 −

1020 deays νe CC 1970000 78800 129000 5160 19800 800
νe NC 579000 − 36700 − 5800 −

Eµ = 30 GeV, L = 7400 km

10-4

10-3

10-2

10-6 10-5 10-4 10-3 10-2 10-1 1
sin2 2Θ13

∆m
2 23

 (
eV

2 )

90% ALLOWED

SUPER-K
 ALLOWED

2 x 1019 µ
(background)

2 x 1019 µ
(no background)

2 x 1020 µ
(no background)

2 x 1020 µ
(background)
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sin2 θ23 = 0.5, sin2 θ12 = 0.5, sin2 2θ13 = 0.05 and δ = 0. Thelower urves are made �xing all parameters to the referenevalues while for the upper urves θ13 is free.and CP-violating parameters. To detet CP violatione�ets, the most favorable hoie of neutrino energy
Eν and baseline L is in the region of the ��rst maxi-mum�, given by (L/Eν)max ≃ 500 km/GeV for |∆m2

32| =
2.5×10−3 eV2 (Bueno et al., 2002). To study osillationsin this region, one has to require that the energy of the��rst-maximum� be smaller than the MSW resonane en-ergy: 2

√
2GF neE

max
ν

<∼ ∆m2
32 cos 2θ13. This �xes a limiton the baseline Lmax ≈5000 km beyond whih matter ef-fets spoil the sensitivity.As an example, Fig. 25 shows the sensitivity on the CPviolating phase δ for two onrete ases. We have las-si�ed the events in the �ve ategories previously men-tioned, assuming an eletron harge onfusion of 0.1%.We have omputed the exlusion regions in the ∆m2

12−δplane �tting the visible energy distributions, providedthat the eletron detetion e�ieny is ∼ 20%. The ex-luded regions extend up to values of |δ| lose to π, evenwhen θ13 is left free.XII. SUMMARYThe three proposed detetors (MEMPHYS, LENA,GLACIER) based on ompletely di�erent detetion teh-niques (Water �erenkov, Liquid Sintillator, Liquid Ar-gon) share to a large extent a very rih physis program
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25TABLE XI Brief summary of the physis potential of the proposed detetors for non-aelerator based topis. The (*) standsfor the ase where one MEMPHYS shaft is �lled with Gadolinium.Topis GLACIER LENA MEMPHYS(100 kt) (50 kt) (440 kt)Proton deay
e+π0 0.5 × 1035 - 1.0 × 1035

ν̄K+ 1.1 × 1035 0.4 × 1035 0.2 × 1035SN ν (10 kp)CC 2.5 104(νe) 9.0 103(ν̄e) 2.0 105(ν̄e)NC 3.0 104 3.0 103 -ES 1.0 103(e) 7.0 103(p) 1.0 103(e)DSN ν (5 yrs Sig./Bkgd) 40-60/30 10-115/4 43-109/47 (*)Solar ν (1 yr Sig.) 4.5 104/1.6 105 (8B ES/Abs) 2.0 106/7.7 104/360 (7Be/pep/8B) 1.1 105 (8B ES)Atmospheri ν (1 yr Sig.) 1.1 104 ? 4.0 104 (1-ring only)Geo ν (1 yr Sig.) below threshold ≈ 1000 need 2 MeV thresholdReator ν (1 yr Sig.) ? 1.7 104 6.0 104 (*)Dark Matter 10 yrs Sig. 3 events (σES = 10−4,M > 20 GeV) ? ?TABLE XII Brief summary of the physis potential of the proposed detetors for aelerator osillation topi. To be ompletedDetetor Beam type Running time PotentialitiesMEMPHYS CERN-SPL (disapp.) 5 yrs δ∆m2
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