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1 Introdu
tionThe pioneer Water �erenkov dete
tors (IMB, Kamiokande) were built to look fornu
leon de
ay, a predi
tion of Grand Uni�ed Theories. In fa
t, the neutrino physi
shas been the bread and butter sin
e the beginning of running time of these dete
tors.Just to remind the glorious past: �rst dete
tion of a supernova neutrino explosion(SN1987A) [1, 2, 3, 4℄ a
knowledged by the Nobel prize for Koshiba, Solar [5℄ andatmospheri
 anomalies dis
overy [6, 7℄ that was explained as mass & mixing of theneutrinos, the latter being 
on�rmed by the �rst long base line neutrino beam K2K[8℄. The proposed dete
tors GLACIER1 [9℄, LENA2 [11, 12℄ and MEMPHYS3 [15℄,using di�erent te
hniques will push the dis
overy frontiers on many domains: nu
leonde
ay, supernova neutrinos (burst from sudden explosion or di�use halo from pastexplosions), solar and atmospheri
 neutrinos, neutrinos from the Earth interior (geo-neutrinos), a

elerator made neutrinos, indire
t dark matter sear
h... These itemsare reviewed in the following se
tions after a brief des
ription of the key parametersof the dete
tors.2 Brief dete
tor des
riptionThe three dete
tors basi
 parameters are listed in Tab. 1. All these dete
tors aretens of kilo tons mass of a
tive target and situated in underground laboratories tobe prote
ted against ba
kground indu
ed by 
osmi
 rays. This is motivated by theextremely low 
ross se
tions of the neutrinos and/or the rareness of the interestingevents. Some details of the dete
tors are dis
ussed in the following se
tions.2.1 Liquid Argon TPCGLACIER (Fig. 1) is the foreseen extrapolation up to 100 kT of a Liquid ArgonTime Proje
ting Chamber. A summary of parameters are listed in Tab. 1. Thedete
tor 
an be me
hani
ally subdivided into two parts: (1) the liquid argon tankerand (2) the inner dete
tor instrumentation. For simpli
ity, we assume at this stagethat the two aspe
ts 
an be de
oupled.The basi
 design parameters 
an be summarized as follows:1. Single 100 kton �boiling� 
ryogeni
 tanker with Argon refrigeration (in parti
-ular, the 
ooling is done dire
tly with Argon, e.g. without nitrogen)2. Charge imaging + s
intillation + �erenkov light readout for 
omplete eventinformation1Giant Liquid Argon Charge Imaging ExpeRiment2Low Energy Neutrino Astronomy3MEgaton Mass PHYSi
s 3



GLACIER LENA MEMPHYSUnderground laboratory (Europe)lo
ation ? Pyhäsalmi (CUPP) Fréjusdepth (m.e.w) ? 4000 4800type ? mine road tunnelLong Base Line (km) ? ? 130? ? CERNDete
tor dimensionstype verti
al 
ylinder horizontal 
ylinder 3 ÷ 5 shaftsdiam. x length φ = 70m × L = 20m φ = 30m × L = 100m (3 ÷ 5) × (φ = 65m × H = 65m)typi
al mass (kt) 100 50 440 ÷ 730A
tive target and readout†type of target liquid argon phenyl-o-xylyethane water(boiling) (opt: 1 shaft with 0.2% GdCl3)readout type

e− drift 2 perp. views,
105 
hannels, am-pli. in gas phase� light 27,000 8" PMTs,20% 
overageS
int. light 1,000 8" PMTs

12,000 20" PMTs
& 20% 
overage 81,000 12" PMTs

∼ 30% 
overage

Table 1: Some basi
 parameters of the three dete
tor baseline designs

4



Figure 1: An artisti
 view of a 100 kton single tanker liquid argon dete
tor. Theele
troni
 
rates are lo
ated at the top of the dewar.3. Charge ampli�
ation to allow for extremely long drifts: the dete
tor is runningin bi-phase mode. In order to allow for long drift (≈ 20 m), we 
onsider 
hargeattenuation along drift and 
ompensate this e�e
t with 
harge ampli�
ationnear anodes lo
ated in gas phase.4. Absen
e of magneti
 �eldThe inner dete
tor instrumentation is made of: a 
athode, lo
ated near the bottomof the tanker, set at −2 MV that 
reates a drift ele
tri
 �eld of 1 kV/
m over thedistan
e of 20 m. In this �eld 
on�guration ionization ele
trons are moving upwardswhile ions are going downward. The ele
tri
 �eld is delimited on the sides of thetanker by a series of ring ele
trodes (ra
e-tra
ks) put at the appropriate voltages(voltage divider). The breakdown voltage of liquid argon is su
h that a distan
e ofabout 50 
m to the grounded tanker volume is ele
tri
ally safe. For the high voltagewe 
onsider two solutions: (1) either the HV is brought inside the dewar throughan appropriate 
ustom-made HV feed-through or (2) a voltage multiplier 
ould beinstalled inside the 
old volume.The tanker 
ontains both liquid and gas argon phases at equilibrium. Sin
e purityis a 
on
ern for very long drifts of the order of 20 meters, we think that the innerdete
tor should be operated in bi-phase mode, namely drift ele
trons produ
ed inthe liquid phase are extra
ted from the liquid into the gas phase with the help ofan appropriate ele
tri
 �eld. Our measurements show that the threshold for 100%e�
ient extra
tion is about 3 kV/cm. Hen
e, just below and above the liquid twogrids de�ne the appropriate liquid extra
tion �eld. In addition to 
harge readout,we envision to lo
ate PMTs around the tanker. S
intillation and �erenkov light 
anbe readout essentially independently. One 
an pro�t from the ICARUS R&D whi
hhas shown that PMTs immersed dire
tly in the liquid Argon is possible[10℄. One isusing 
ommer
ial Ele
tron Tubes 8� PMTs with a photo
athode for 
old operationand a standard glass window. In order to be sensitive to DUV s
intillation, the PMTare 
oated with a wavelength shifter (Tetraphenyl-Butadiene). Summarizing about1000 immersed phototubes with WLS would be used to identify the (isotropi
 and5



Figure 2: Sket
h of the LENA dete
tor.bright) s
intillation light. While about 27000 immersed 8�-phototubes without WLSwould provide a 20% 
overage of the surfa
e of the dete
tor. As already mentioned,these latter should have single photon 
ounting 
apabilities in order to 
ount thenumber of �erenkov photons.2.2 Liquid S
intillatorThe LENA dete
tor is planned to have a 
ylindri
al shape with about 100 m lengthand 30 m diameter (Fig. 2 and Tab. 1). An inside part of 13 m radius will 
ontainapproximately 50 kt of liquid s
intillator while the outside part will be �lled withwater to a
t as a muon veto. A �du
ial volume for proton de
ay will be de�nedhaving a radius of 12 m. Covering about 30% of the surfa
e, 12 000 photomultipliersof 50 
m diameter ea
h will 
olle
t the light produ
ed by the s
intillator. PXE(phenyl-o-xylylethane) is foreseen as s
intillator solvent be
ause of its high light yieldand its safe handling pro
edures. The opti
al properties of a liquid s
intillator basedon PXE have been investigated in the Counting Test Fa
ility (CTF) for BOREXINOat the Gran Sasso underground laboratory [13℄. A yield of 372 ± 8 photoele
tronsper MeV (pe/MeV) have been measured in this experiment with an opti
al 
overageof 20%. The attenuation length of ∼ 3 m (at 430 nm) was substantially in
reased to
∼ 12 m purging the liquid in a weak a
idi
 alumina 
olumn [13℄. With these valuesan expe
ted photoele
tron yield of ∼ 120 pe/MeV 
an be estimated for events in the
enter of the LENA dete
tor. Currently the opti
al properties of mixtures of PXEand derivatives of mineral oils are under investigation [14℄.2.3 Water �erenkovThe MEMPHYS dete
tor (Fig. 3 and Tab. 1) is an extrapolation of SuperKamiokandeup to 730 kT. This Water �erenkovdete
tor is a 
olle
tion of up to 5 shafts, and 3are enough for 440 kt �du
ial mass whi
h is used hereafter. Ea
h shaft is 65 m indiameter and 65 m height for the total water 
ontainer dimensions, and this repre-sent an extrapolation of a fa
tor 4 with respe
t to the Super-Kamiokande running6



Figure 3: Sket
h of the MEMPHYS dete
tor under the Fréjus mountain (Europe).dete
tor. The PMT surfa
e de�ned as 2 m inside the water 
ontainer is 
overed byabout 81,000 12" PMTs to rea
h a 30% surfa
e 
overage equivalent to a 40% 
overagewith 20" PMTs. The �du
ial volume is de�ned by an additional 
onservative guardof 2 m. The outer volume between the PMT surfa
e and the water vessel is instru-mented with 8" PMTs. If not 
ontrary mentionned, the Super-Kamiokande analysis(e�
ien
y, ba
kground redu
tion) [20℄ is used to 
ompute the phys
is potential ofsu
h a dete
tor. In the US and in Japan, there are two 
ompetitors to MEMPHYS,namely UNO and Hyper-Kamiokande. These proje
ts are similar in many respe
tsand the hereafter presented physi
s potential may be foreseen also for those dete
-tors. Currently, there is a very interesting R&D a
tivity 
on
erning the possibility tointrodu
e Gadolinium salt (GdCl3) in side the 1 kT Water �erenkov prototype of theK2K experiment. The physi
s goal is to de
rease the ba
kground in many physi
s
hannels by tagging the neutron produ
ed in the inverse beta de
ay intera
tion of
ν̄e on free proton. For instan
e, 100 tons of GdCl3 in SuperKamiokande would yieldmore then 90% neutron 
aptures on Gd [19℄.3 Dete
tor Perfoman
es3.1 Proton de
ay sensitivityversion 0 by JEC 6/3/06update Introdu
tion by Pavel F. Perez 8/3/06update by A. Bueno 23/3/06update by T. Marrodan Undagoitia 10/4/06update by JEC 20/4/06For all relevant aspe
ts of the proton stability in grand uni�ed theories, in stringsand in branes see referen
e [21℄.Sin
e proton de
ay is the most dramati
 predi
tion 
oming from theories wherethe matter is uni�ed, we hope to test those s
enarios at future experiments. For thisreason, a theoreti
al upper bound on the lifetime of the proton is very important toknow about the possibilities of future experiments.7



Re
ently a model-independent upper bound on the total proton de
ay lifetimehas been pointed out [22℄:
τupper
p =

{

6.0 × 1039 (Majorana 
ase)
2.8 × 1037 (Dira
 
ase) }

×
(

MX/1016GeV
)4

α2
GUT

×
(

0.003GeV 3

α

)2 yrs(1)where MX is the mass of the superheavy gauge bosons. The parameter αGUT =
g2
GUT /4π, where gGUT is the gauge 
oupling at the grand uni�ed s
ale. α is thematrix element. See Fig. 4 and Fig. 5 for the present parameter spa
e allowed bythe experiments.Most of the models (Supersymmetri
 or non-Supersymmetri
) predi
t a lifetime

τp below those upper bounds 1033−37 years, whi
h are very interesting sin
e it is thepossible range of the proposed dete
tors.In order to have an idea of the proton de
ay predi
tions, let us list in Tab. 2 theresults in di�erent models.Model De
ay modes Predi
tion Referen
esGeorgi-Glashow model - ruled out [23℄Minimal realisti
non-SUSY SU(5)
all 
hannels τupper

p = 1.4 × 1036 [24℄Two Step Non-SUSY SO(10) p → e+π0 ≈ 1033−38 [25℄Minimal SUSY SU(5) p → ν̄K+ ≈ 1032−34 [26℄SUSY SO(10)with 10H , and 126H

p → ν̄K+ ≈ 1033−36 [27℄M-Theory(G2) p → e+π0 ≈ 1033−37 [28℄Table 2: Summary of some re
ent predi
tions on proton partial lifetimes.No spe
i�
 simulation for MEMPHYS has been 
arried out yet. We thereforerely on the study done by UNO, adapting the results to MEMPHYS (whi
h has anoverall better 
overage) when possible.Due to its ex
ellent imaging and energy resolution, GLACIER has the poten-tiality to dis
over nu
leon de
ay in an essentially ba
kground-free environment. Tounderstand the potential ba
kground 
ontamination for this kind of sear
h, we have
arried out a detailed simulation of nu
leon de
ays in Argon, i.e. in
luding �nal statenu
lear e�e
ts. This is vital sin
e (1) they 
hange the ex
lusive �nal state 
on�g-uration and (2) they introdu
e a distortion of the event kinemati
s. Atmospheri
neutrino and 
osmi
 muon indu
ed ba
kgrounds have been fully simulated as well.8



10
14

10
15

10
16

10
17

M   (GeV)X

1/60
1/50

1/40

1/30

1/25

1/20

1/15

1/10

α
G

U
T

10
14

10
15

10
16

10
17

10
34

10
36

10
38

10
40

10
42

10
44

Figure 4: Isoplot for the upper bounds on the total proton lifetime in years in theMajorana neutrino 
ase in the MX�αGUT plane. The value of the unifying 
oupling
onstant is varied from 1/60 to 1/10. The 
onventional values for MX and αGUT inSUSY GUTs are marked in thi
k lines. Experimentally ex
luded region is given inbla
k [22℄.

10
14

10
15

10
16

10
17

M   (GeV)X

1/60
1/50

1/40

1/30

1/25

1/20

1/15

1/10

α
G

U
T

10
14

10
15

10
16

10
17

10
34

10
36

10
38

10
40

10
42

Figure 5: Isoplot for the upper bounds on the total proton lifetime in years in theDira
 neutrino 
ase in the MX�αGUT plane. The value of the unifying 
oupling
onstant is varied from 1/60 to 1/10. The 
onventional values for MX and αGUT inSUSY GUTs are marked in thi
k lines. Experimentally ex
luded region is given inbla
k [22℄. 9



In order to quantitatively estimate the potential of the LENA dete
tor for measur-ing the proton lifetime, a Monte Carlo simulation for the de
ay 
hannel p → K+ν hasbeen performed. For this purpose, the Geant4 simulation toolkit has been used [29℄.Not only all default Geant4 physi
s lists were in
luded but also opti
al pro
esses ass
intillation, Cherenkov light produ
tion, Rayleigh s
attering and light absorption.From these simulations a light yield of ∼ 110 pe/MeV for an event in the 
enter ofthe dete
tor results. In addition, to take into a

ount the so 
alled quen
hing e�e
ts,the semi-empiri
al Birk's formula [30℄ has been introdu
ed into the 
ode.3.1.1 p → e+π0Following UNO study, the dete
tion e�
ien
y of p → e+π0 (3 showering rings event)is ǫ = 43% for a 20 in
h-PMT 
overage of 40% or its equivalent, as envisioned forMEMPHYS. The 
orresponding estimated atmospheri
 neutrino indu
ed ba
kgroundis at the level of 2.25 events/Mt.yr. From these e�
ien
ies and ba
kground levels,proton de
ay sensitivity as a fun
tion of dete
tor exposure 
an be estimated. A 1035years partial lifetime (τp/B) 
ould be rea
hed at the 90% C.L. for a 5 Mt.yr exposure(10 yrs) with MEMPHYS (similar to 
ase A in Fig. 6). Beyond that exposure, tighter
uts may be envisaged to further redu
e the atmospheri
 neutrino ba
kground to
0.15 events/Mt.yr, by sele
ting quasi ex
lusively the free proton de
ays.
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e�
ien
y and a ba
kground level of 1 event/Mt.y. So, for a 1 Mt.yr (10 yrs) exposurewith GLACIER one rea
hes τp/B > 0.5 1035 yrs at 90% C.L. (see Fig. 8).
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Figure 8: Expe
ted proton de
ay lifetime limits (τ/B at 90% C.L.) as a fun
tion ofexposure for GLACIER.In a liquid s
intillator dete
tor the de
ay p → e+π0 will produ
e a ∼ 938 MeVsignal 
oming from e+ and π0 showers. Only atmospheri
 neutrinos are expe
ted to
ause ba
kground events in this energy range. Using the fa
t that showers from both
e+ and π0 propagate ∼4 m in opposite dire
tions before being stopped, atmospheri
neutrino ba
kground 
an be redu
ed. Applying this method, the 
urrent limit forthis 
hannel (τp/B = 5.4 1033 y [31℄) 
ould be improved.3.1.2 p → νK+In LENA, proton de
ay events via the mode p → K+ν have a very 
lear signature.The kaon 
auses a prompt monoenergeti
 signal (T=105 MeV) and from the kaonde
ay there is a short-delayed se
ond monoenergeti
 signal, bigger than the �rst one.The kaon has a lifetime of τ(K+) = 12.8 ns and two main de
ay 
hannels: with aprobability of 63.43 % it de
ays via K+ → µ+νµ and with 21.13%, via K+ → π+π0.Simulations of proton de
ay events and atmospheri
 neutrino ba
kground hasbeen performed and a pulse shape analysis has been applied. From the analysis an11



e�
ien
y of 65% for the dete
tion of a possible proton de
ay has been determinedand a ba
kground suppression of ∼ 2 104 has been a
hieved [12℄. A detail study ofba
kground implying pion and kaon produ
tion in atmospheri
 neutrino rea
tionshas been performed leading to a ba
kground rate of 0.064 y−1 due to the rea
tion
νµ + p → µ− + K+ + p.For the 
urrent proton lifetime limit for the 
hannel 
onsidered (τp/B = 2.3 1033 y)[33℄, about 40.7 proton de
ay events would be observed in LENA after a measuringtime of ten years with less than 1 ba
kground event. If no signal is seen in the dete
-tor within this ten years, the lower limit for the lifetime of the proton will be pla
edat τp/B > 4 1034 y at 90% C.L. Although interesting, it may be too detailed here(
omment by JEC): If one 
andidate is observed, the lower limit will be redu
ed to
τ > 3 1034 y at 90% C.L. and the probability of this event being ba
kground wouldbe 32%.GLACIER uses dE/dx versus range as dis
riminating variable in a Neural Netto obtain the parti
le identity. We expe
t less than 1% of kaons mis-identi�ed asprotons. In this 
hannel, the sele
tion e�
ien
y is high (97%) for a low ba
kground
< 1 event/Mt.y. In 
ase of absen
e of signal, we expe
t to rea
h τp/B > 1.1 1035 yrsat 90% C.L. for 1 Mt.y (10 years) exposure (see Fig. 8).For the MEMPHYS dete
tor, one should rely on the dete
tion of the de
ayprodu
ts of the K+ sin
e its momentum (360 MeV) is below the water �erenkovthreshold (ie. 570 MeV): a 256 MeV/
 muon and its de
ay ele
tron (type I) or a205 MeV/
 π+ and π0 (type II), with the possibility of a delayed (12 ns) 
oin
iden
ewith the 6 MeV 15N de-ex
itation prompt γ (Type III). Using the imaging and timing
apability of Super-Kamiokande, the e�
ien
y for the re
onstru
tion of p → νK+is ǫ = 33% (I), 6.8% (II) and 8.8% (III), and the ba
kground is at 2100, 22 and6 events/Mt.yr level. For the prompt γ method, the ba
kground is dominated bymis-re
onstru
tion. As stated by UNO, there are good reasons to believe that thisba
kground 
an be lowered by at least a fa
tor 2 
orresponding to the atmospheri
neutrino intera
tion νp → νΛK+. In these 
onditions, and using Super-Kamiokandeperforman
es, a 5 Mt.yr MEMPHYS exposure would allow to rea
h τp/B > 2 1034 yrs(see Fig. 7).3.1.3 Comparison between the dete
torsPreliminary 
omparisons have been done between the dete
tors (Tab. 3). For the
e+π0 
hannel, the �erenkov dete
tor gets a better limit due to their higher mass.However it should be noted that GLACIER, although �ve times smaller in massthan MEMPHYS, gets an expe
ted limit that is only a fa
tor two smaller. Liquidargon TPCs and liquid s
intillator dete
tors get better results for the ν̄K+ 
hannel,due to their higher dete
tion e�
ien
y. The two te
hniques look therefore quite
omplementary and it would be worth to investigate deeper the pro and 
ons of ea
hte
hniques with other 
hannels not yet addressed by the present study as e+(µ+)+γ12



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 × 1035Table 3: Summary of the e+π0 and ν̄K+ dis
overy potential by the three dete
tors.The e+π0 
hannel is not yet simulated in LENA.and neutron de
ays.3.2 Supernova neutrinosVersion 0 by JEC 28/2/06: sort of summary of A. Mirizzi talk 16/2/06.update by A. Bueno 23/3/06update by A. Mirizzi 9/4/06update by T. M. Undagoitia 10/4/06update by M. Wurm 19/4/06A supernova (SN) neutrino dete
tion represents one of the next frontiers of neu-trino astrophysi
s. It will provide invaluable information on the astrophysi
s of the
ore-
ollapse explosion phenomenon and on the neutrino mixing parameters. In par-ti
ular, neutrino �avor transitions in the SN envelope are sensitive to the value of θ13and on the type of mass hierar
hy, and the dete
tion of SN neutrino spe
tra at Earth
an signi�
antly 
ontribute to sharpen our understanding of these unknown neutrinoparameters. On the other hand, a detailed measurement of the neutrino signal froma gala
ti
 SN 
ould yield important 
lues on the SN explosion me
hanism.3.2.1 SN neutrino emission and os
illationsA 
ore-
ollapse supernova marks the evolutionary end of a massive star (M & 8 M⊙)whi
h be
omes inevitably instable at the end of its life: it 
ollapses and eje
ts its outermantle in a sho
k-wave driven explosion. The 
ollapse to a neutron star (M ≃ M⊙,

R ≃ 10 km) liberates a gravitational binding energy, EB ≈ 3 × 1053 erg, releasedat ∼ 99% into (anti)neutrinos of all the �avors, and only at ∼1% into the kineti
energy of the explosion. Therefore, a 
ore-
ollapse SN represents one of the mostpowerful sour
es of (anti)neutrinos in the Universe.In general, numeri
al simulations of supernova explosions provide the originalneutrino spe
tra in energy and time F 0
ν . Su
h initial distributions are in generalmodi�ed by �avor transitions in SN envelope, in va
uum (and eventually in Earth13



Mass Hierar
hy sin2 θ13 p p̄Normal & 10−3 0 cos2 θ12Inverted & 10−3 sin2 θ12 0Any . 10−5 sin2 θ12 cos2 θ12Table 4: Values of the p and p̄ parameters used in Eq. 4 in di�erent s
enario of masshierar
hy and sin2 θ13.matter)
F 0

ν −→Fν (2)and must be 
onvolved with the di�erential intera
tion 
ross se
tion σe for ele
tronor positron produ
tion, as well as with the dete
tor resolution fun
tion Re, and thee�
ien
y 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 
ollapsing 
ore is roughly abla
k-body sour
e of thermal neutrinos, emitted on a times
ale of ∼ 10 s. Energyspe
tra parametrization are typi
ally 
ast in the form of quasi-thermal distributions,with typi
al average energies: 〈Eνe
〉 = 9 − 12 MeV, 〈Eν̄e

〉 = 14 − 17 MeV, 〈Eνx
〉 =

18 − 22 MeV, where νx indi
ates any non-ele
tron �avor.The os
illated neutrino �uxes arriving at Earth may be written in terms of theenergy-dependent �survival probability� p (p̄) for neutrinos (antineutrinos) as [36℄
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 p and p̄ 
ru
ially depend onthe neutrino mass hierar
hy and on the unknown value of the mixing angle θ13 asshown in Tab. 4.3.2.2 SN neutrino dete
tion in MEMPHYS, GLACIER, LENAGala
ti
 
ore-
ollapse supernovae are rare, perhaps a few per 
entury. Up to now,supernova neutrinos have been measured only on
e during SN 1987A explosion inthe Large Magellani
 Cloud (d = 50 kp
). Due to the relatively small masses of thedete
tors operative at that time, only few events were dete
ted (11 in Kamiokande[1, 2℄ and 8 in IMB [3, 4℄). The three proposed large-volume neutrino dete
tors with abroad range of s
ien
e goals might guarantee 
ontinuous exposure for several de
ades,so that a high-statisti
s supernova neutrino signal may eventually be observed.14



Expe
ted number of events for GLACIER, MEMPHYS and LENA are reportedin Tab. 5, for a typi
al gala
ti
 SN distan
e of 10 kp
. In the upper panel it isreported the total number of events, while the lower part refers to the νe signaldete
ted during the prompt neutronization burst, with a duration of ∼ 25 ms, justafter the 
ore boun
e.MEMPHYS LENA GLACIERIntera
tion Rates Intera
tion Rates Intera
tion 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 ∼ 10 νCC
e (12C, 12Nβ−

)GLACIER 380 νNC
x (40Ar∗)Table 5: Summary of the expe
ted neutrino intera
tion rates in the di�erent dete
torsfor a 8M⊙ SN lo
ated at 10 kp
 (Gala
ti
 
enter). The following notations have beenused: IβD, eES and pES stands for Inverse β De
ay, ele
tron and proton Elasti
S
attering, respe
tively. The �nal state nu
lei are generally unstable and de
ayeither radiatively (notation ∗), or by β−/β+ weak intera
tion (notation β−,+). Therates of the di�erent rea
tion 
hannels are listed, and for LENA they have beenobtained by s
aling the predi
ted rates from [34, 35℄.One 
an realize that ν̄e dete
tion by Inverse β De
ay is the golden 
hannel forMEMPHYS and LENA. In addition, the ele
tron neutrino signal 
an be dete
tedin LENA thanks to the intera
tion on 12C. The three 
harged 
urrent rea
tions willdeliver information on νe and ν̄e �uxes and spe
tra while the three neutral 
urrentrea
tions, sensitive to all neutrino �avours will provide information on the total �ux.GLACIER has also the opportunity to see the νe by 
harged 
urrent intera
tions on

40Ar with a very low threshold. The dete
tion 
omplementarity between νe and ν̄eis of great interest and would assure a unique way to probe SN explosion me
hanismas well as neutrino intrinsi
 properties. Moreover, the huge statisti
s would allowspe
tral studies in time and in energy domain.We stress that it will be di�
ult to establish SN neutrino os
illation e�e
ts solelyon the basis of a ν̄e or νe �spe
tral hardening� relative to theoreti
al expe
tations.Therefore, in the re
ent literature the importan
e of model-independent signatureshas been emphasized. Here we fo
us mainly on the signatures asso
iated to: the15



Figure 9: The number of events in a 400 kt water �erenkov dete
tor (left s
ale)and in SK (right s
ale) in all 
hannels and in the individual dete
tion 
hannels as afun
tion of distan
e for a supernova explosion [42℄.
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prompt νe neutronization burst, the sho
k-wave propagation, the Earth matter 
ross-ing.The analysis of the time stru
ture of the SN signal during the �rst few tens ofmillise
onds after the 
ore boun
e 
an provide a 
lean indi
ation if the full νe burstis present or absent and therefore allows one to distinguish between di�erent mixings
enarios as indi
ated by the third 
olumn of Tab. 6. For example, if the massordering is normal and the θ13 is large, the νe burst will fully os
illate into νx. If
θ13 is measured in the laboratory to be large, for example by one of the forth
omingrea
tor experiments, then one may distinguish between the normal and inverted massordering.As dis
ussed, MEMPHYS is mostly sensitive to the IβD, although the νe 
hannel
an be measured by the elasti
 s
attering rea
tion νx +e− → e−+νx [37℄. Of 
ourse,the identi�
ation of the neutronization burst is 
leanest with a dete
tor using the
harged-
urrent absorption of νe neutrinos, like GLACIER. Using its unique featuresto look at νe CC it is possible to probe os
illation physi
s during the early stage ofthe SN explosion, and using the NC it is possible to de
ouple the SN me
hanismfrom the os
illation physi
s [38, 39℄.A few se
onds after 
ore boun
e, the SN sho
k wave will pass the density regionin the stellar envelope relevant for os
illation matter e�e
ts, 
ausing a transientmodi�
ation of the survival probability and thus a time-dependent signature in theneutrino signal [40, 41℄. It would show a 
hara
teristi
 dip when the sho
k wavepasses [42℄, or a double-dip feature if a reverse sho
k o

urs [43℄. The dete
tabilityof su
h a signature has been studied in a Megaton Water �erenkov dete
tor likeMEMPHYS by the IβD [42℄, and in a Large liquid Argon dete
tor like GLACIER byAr CC intera
tions [44℄. The sho
k wave e�e
ts would be 
ertainly visible also in alarge volume s
intillator like LENA. Of 
ourse, apart from identifying the neutrinomixing s
enario, su
h observations would test our theoreti
al understanding of the
ore-
ollapse SN phenomenon.One unequivo
al indi
ation of os
illation e�e
ts would be the energy-dependentmodulation of the survival probability p(E) 
aused by Earth matter e�e
ts [45℄.The Earth matter e�e
ts 
an be revealed by wiggles in energy spe
tra and LENAbene�t from a better energy resolution than MEMPHYS in this respe
t whi
h maybe partially 
ompensated by 10 times more statisti
s [46℄. The Earth e�e
t wouldshow up in the ν̄e 
hannel for the normal mass hierar
hy, assuming that θ13 is large(Tab. 6). Another possibility to establish the presen
e of Earth e�e
ts is to use thesignal from two dete
tors if one of them sees the SN shadowed by the Earth and theother not. A 
omparison between the signal normalization in the two dete
tors mightreveal Earth e�e
ts [47℄. The sho
k wave propagation 
an in�uen
e the Earth mattere�e
t, produ
ing a delayed e�e
t 5 − 7 s after the 
ore-boun
e, in some parti
ularsituations [48℄ (Tab. 6).Exploiting these three experimental signatures, by the joint e�orts of the 
om-plementarity SN neutrino dete
tion in MEMPHYS, LENA, and GLACIER it would17



MassHierar
hy sin2 θ13

νe neutronizationpeak Sho
k wave Earth e�e
tNormal & 10−3 Absent νe

ν̄e

νe (delayed)Inverted & 10−3 Present ν̄e

νe

ν̄e (delayed)Any . 10−5 Present - both ν̄e νeTable 6: Summary of the neutrino properties e�e
t on νe and ν̄e signals.be possible to extra
t valuable information on the neutrino mass hierar
hy and toput a bound on θ13, as shown in Tab. 6.Other interesting ideas has been also studied in literature, ranging from thepointing of a SN by neutrinos [49℄, an early alert for SN observatory exploiting theneutrino signal [50℄, and the dete
tion of neutrinos from the last phases of a burningstar [51℄.Up to now, we have investigated SN in our Galaxy, but the 
al
ulated rate ofsupernova explosions within a distan
e of 10 Mp
 is about 1 per year. Although thenumber of events from a single explosion at su
h large distan
es would be small, thesignal 
ould be separated from the ba
kground with the request to observe at leasttwo events within a time window 
omparable to the neutrino emission time-s
ale(∼ 10 se
), together with the full energy and time distribution of the events [52℄. Ina MEMPHYS dete
tor, with at least two neutrinos observed, a supernova 
ould beidenti�ed without opti
al 
on�rmation, so that the start of the light 
urve 
ould before
asted by a few hours, along with a short list of probable host galaxies. Thiswould also allow the dete
tion of supernovae whi
h are either heavily obs
ured bydust or are opti
ally dark due to prompt bla
k hole formation.3.2.3 Di�use Supernova Neutrino Ba
kgroundA gala
ti
 Supernova explosion will be a spe
ta
ular sour
e of neutrinos, so that avariety of neutrino and SN properties 
ould be determined. However, only one su
hexplosion is expe
ted in 20 to 100 years. Alternatively, it has been suggested thatwe might dete
t the 
umulative neutrino �ux from all the past SN in the Universe,the so 
alled Di�use Supernova Neutrino Ba
kground (DSNB) 4. In parti
ular, thereis an energy window around 20− 40 MeV where the DSNB signal 
an emerge above4We prefer the "Di�use" rather the "Reli
" word to not 
onfuse with the primordial neutrinosprodu
ed one se
ond after the Big Bang. 18



other sour
es, so that proposed dete
tors may measure this �ux after some years ofexposure times.The DSNB signal, although weak, is not only �guaranteed�, but 
an also probedi�erent physi
s from a gala
ti
 SN, in
luding pro
esses whi
h o

ure on 
osmologi
als
ales in time or spa
e. This makes them 
omplementary to ele
tromagneti
 radiationwhi
h is mu
h easier to dete
t, but also mu
h easier to be absorbed or s
attered onits way.For instan
e, the DSNB signal is sensitive to the evolution of the SN rate, whi
his 
losely related to the star formation rate [53, 54℄. Additionally, neutrino de
ays
enarios with 
osmologi
al lifetimes 
ould be analyzed and 
onstrained [55℄, as pro-posed in [56℄.An upper limit on the DSNB �ux has been set by the Super-Kamiokande exper-iment [60℄
φDSNB

ν̄e
< 1.2 
m−2 s−1 (Eν > 19.3 MeV) (5)However most of the estimates are below this limit and therefore DSNB dete
tionappears to be feasible only with the large dete
tor foreseen, through ν̄e inverse betade
ay in MEMPHYS and LENA dete
tors and through νe + 40Ar → e− + 40K∗ (andthe asso
iated gamma 
as
ade) in GLACIER.Typi
al estimates for DSNB �uxes (see for example [54℄) predi
t an event rate ofthe order of (0.1 ÷ 0.5) 
m−2 s−1 MeV−1 for energies above 20 MeV.The DSNB signal energy window is 
onstrained from above by the atmospheri
neutrinos and from below by either the nu
lear rea
tor ν̄e (I), the spallation produ
-tion unstable radionu
lei by 
osmi
 ray muons (II), the de
ay of "invisible" muon intoele
tron (III), and solar νe neutrinos (IV). The three dete
tors are a�e
ted di�erentlythese ba
kgrounds.GLACIER looking at νe is mainly a�e
ted by type IV. MEMPHYS �lled withpure water is mainly a�e
ted by type III due to the fa
t that the muons may have notenough energy to produ
e �erenkov light. As pointed out in [42℄, with addition ofGadolinium [19℄ the dete
tion of the 
aptured neutron releasing 8 MeV gamma afterof the order of 20 µs (10 times faster than in pure water), would give the possibility toreje
t neutrinos other than ν̄e that is to say not only the "invisible" muon (type III)but also the spallation ba
kground (type II). LENA taking bene�t from the delayedneutron 
apture in ν̄e +p → n+e+, is mainly a�e
ted by rea
tor neutrinos (I) whi
himpose to 
hoose an underground site far from nu
lear plants: if LENA is deployedat the Center for Underground Physi
s in Pyhäsalmi (CUPP, Finland), there will bean observational window from ∼ 9.5 to 30 MeV that is almost free of ba
kground.The expe
ted rates of signal and ba
kground are presented in Tab. 7.A

ording to DSN models [54℄ that are using di�erent SN simulations from theLL [57℄, TBP [58℄ and KRJ [59℄ groups for the predi
tion of the DSN energy spe
-trum and �ux, a dete
tion of the DSN in this energy regime with LENA seems all but
ertain. Within ten years, 20 to 230 events are expe
ted, the exa
t number mainly19



Intera
tion Exposure Energy Window Signal/BkgdMEMPHYS + 0.2% Gd (at Kamioka)
ν̄e + p → n + e+

n + Gd → γ(8 MeV, 20 µs) 1 Mt.y2 yrs [15 − 30] MeV (60-150)/65LENA 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 (?-60)/30Table 7: DSNB expe
ted rates. The larger numbers are 
omputed with the presentlimit on the �ux by SuperKamiokande 
ollaboration. The lower numbers are 
om-puted for typi
al models. The ba
kground 
oming from reator plants have been
omputed for spe
i�
 lo
ations for MEMPHYS and LENA. For MEMPHYS, theSuperKamiokande ba
kground has been s
aled by the exposure. More studies areneeded to estimate the ba
kground at the new Fréjus laboratory.depending on the un
ertainties of the Star Formation Rate (SFR) in the near uni-verse. Signal rates 
orresponding to three di�erent DSN models and the ba
kgroundrates due to the rea
tor (I) and atmospheri
 neutrinos are shown in Fig. 10 for 10years of measurement with LENA in CUPP.Moreover, assuming the most likely rates of 2.8 to 5.5 DSN events per year,after a de
ade of measurement statisti
s in LENA might already be good enoughto distinguish between the LL and the TBP model that give the most di�erentpredi
tions on the DSN's spe
tral slope and therefore event rates. This will givevaluable 
onstraints on the SN neutrino spe
trum and explosion me
hanism.Finally, if one a
hieves a threshold below 10 MeV for the DSN dete
tion it mightbe possible to get a glimpse at the low-energeti
 part of the spe
trum that is dom-inated by neutrinos emitted by SNe at redshifts z > 1. About 25% of the DSNevents in the observational window will be 
aused by these high-z neutrinos. Thismight provide a new way of measuring the SFR at high redshifts. At these distan
es,
onventional astronomy looking for Star Formation Regions is strongly impeded bydust extin
tion of the UV light that is emitted by young stars. The z-sensitivityof the dete
tor 
ould be further improved by 
hoosing a lo
ation far away from thenu
lear power plants of the northern hemisphere. For instan
e, a near to optimumDSN dete
tion threshold of 8.4 MeV 
ould be realized by deploying LENA in NewZealand.As an example of energy spe
tra, for the MEMPHYS dete
tor, the results areshown in Fig. 11: the signal 
ould be observed with a statisti
al signi�
an
e of about20



Figure 10: Di�use supernova neutrino signal and ba
kground in LENA dete
torin 10 years of exposure. Shaded regions give the un
ertainties of all 
urves. Anobservational window between ∼ 9.5 to 30 MeV that is almost free of ba
kground
an be identi�ed.2 standard deviations after 10 years. The spe
tra of the two ba
kgrounds were takenfrom the Super-Kamiokande estimates and res
aled to a �du
ial mass of 440 kton ofwater, while the expe
ted signal was 
omputed a

ording to the model 
alled LL in[54℄.3.3 Solar neutrinosVersion 0 from J.E.C 3/3/06update by A. Bueno 23/3/06update by T. Marrodan Undagoitia 13/4/06In the past years Water �herenkov dete
tors have measured the high energy tail(E > 5 MeV) of the solar 8B neutrino �ux using ele
tron-neutrino elasti
 s
attering[61℄. Sin
e su
h dete
tors 
ould re
ord the time of an intera
tion and re
onstru
t theenergy and dire
tion of the re
oiling ele
tron, unique information of the spe
trum andtime variation of the solar neutrino �ux was extra
ted. This provided further insightsinto the �solar neutrino problem�, the de�
it of the neutrino �ux (measured by severalexperiments) with respe
t to the �ux expe
ted by the standard solar models . It also
onstrained the neutrino �avor os
illation solutions in a fairly model-independentway.With MEMPHYS, Super-Kamiokande's measurements obtained from 1258 daysof data 
ould be repeated in about half a year (the seasonal �ux variation measure-21



Figure 11: Di�use supernova neutrino signal and ba
kgrounds (left) and subtra
tedsignal with statisti
al errors (right) in MEMPHYS in 10 years exposure. The sele
-tion e�
ien
ies of SK were assumed; the e�
ien
y 
hange at 34 MeV is due to thespallation 
ut.ment requires of 
ourse a full year). In parti
ular, a �rst measurement of the �uxof the rare "hep" neutrinos may be possible. Elasti
 neutrino-ele
tron s
attering isstrongly forward peaked. To separate the solar neutrino signal from the isotropi
ba
kground events (mainly due to low radioa
tivity), this dire
tional 
orrelation isexploited. Angular resolution is limited by multiple s
attering. The re
onstru
tionalgorithm �rst re
onstru
ts the vertex from the PMT times and then the dire
tionassuming a single Cherenkov 
one originating from the re
onstru
ted vertex. Re
on-stru
ting 7 MeV events in MEMPHYS seems not to be a problem and de
reasing thethreshold would imply serious 
are of the dete
tor radioa
tivity level as well as thelaboratory environment as air free of radon (
f. SNO Laboratory). To be 
ompletedif needed by MEMPHYS...With LENA, one would get a large amount of neutrinos from 7Be, arround ∼
5.4 103/day. Depending on the signal-to-ba
kground ratio, this would provide asensitivity for time variations in the 7Be neutrino �ux of ∼ 0.5% during one monthof measuring time. Su
h a sensitivity may give information at a unique level onhelioseismology (pressure or temperature �u
tuations) and on a possible magneti
moment intera
tion with a timely varying solar magneti
 �eld.The pep neutrinos neutrinos are expe
ted also to be re
orded at a rate of 210/day,this would provide a better understanding the global solar neutrino luminosity. Theneutrino �ux from the CNO 
y
le is theoreti
ally predi
ted only with the lowesta

ura
y (30%) of all solar neutrino �uxes. Therefore, LENA would provide a new22



opportunity for a detailed study of solar physi
s. However, the observation of su
hsolar neutrinos in these dete
tors, through i.e. elasti
 s
attering, is not a simpletask, sin
e neutrino events 
annot be separated from the ba
kground, and it 
an bea

omplished only if the dete
tor 
ontamination will be kept very low [63℄. Moreover,only mono-energeti
 sour
es as su
h mentioned 
an be dete
ted, taking advantage ofthe Compton-like shoulder edge produ
ed in the event spe
trum.Re
ently, it has been investigated the possibility to register 8B solar neutrinos bymeans of the 
harged 
urrent intera
tion with the 13C [64℄ nu
lei naturally 
ontainedin organi
 s
intillators. Even, if the event signal does not keep the dire
tionality ofthe neutrino, it 
an be separated from the ba
kground by exploiting the time andspa
e 
oin
iden
e with the subsequent de
ay of the produ
ed 13N nu
lei (remainingba
kground of about 60/year 
orresponding to a redution fa
tor of ∼ 3 10−4) [62℄.Around 360 events of this type per year 
an be estimated for LENA. A deformationdue to the MSW-e�e
t should be observable in the low-energy regime after a 
oupleof years of measurements.For the proposed LENA lo
ation in Pyhäsalmi (∼ 4000 m.w.e.), the 
osmogeni
ba
kground will be su�
iently low for the mentioned measurements. Noti
e thatFréjus lo
ation would be also good in this respe
t (∼ 4800 m.w.e.). The radioa
tivityof the dete
tor would have to be kept very low (10−17 g/g level U-Th) as in theKamLAND dete
tor.The solar neutrinos in GLACIER 
an be registered through the elasti
 s
attering
νx + e− → νx + e− (ES) and the absorption rea
tion νe + 40Ar → e− + 40K∗ (ABS)followed by γs emission. Even if these rea
tions have low threshold (e.g 1.5 MeV forthe se
ond one), one expe
ts to operate in pra
ti
e with a threshold set at 5 MeVon the primary ele
tron kineti
 energy to reje
t ba
kground from neutron 
apturefollowed by gamma ray emission whi
h 
onstitute the main ba
kground in someunderground laboratory [65℄ as for the LNGS (Italy). These neutrons are indu
edby the spontaneous �ssion of the 
avern ro
k (note that in 
ase of a salt mine thisba
kground may be signi�
antly redu
ed).The expe
ted raw event rate is 330,000/year (66% from ABS, 25% from ESand 9% from neutron ba
kground indu
ed events) assuming the above mentionedthreshold on the �nal ele
tron energy. Then, applying further o�ine 
uts to purifyseparatly the ES sample and the ABS sample, one gets the rates shown on Tab. 8.A possible way to 
ombine the ES and the ABS 
hannels similar to the NC/CC�ux ratio measured by SNO 
ollaboration [66℄, is to 
ompute the following ratio:

R =
NES/NES

0

1

2

(

NABS−GT /NABS−GT
0 + NABS−F /NABS−F

0

) (6)where the numbers of expe
ted events without neutrino os
illations are labeled witha 0). This double ratio has the following advantages: �rst it is independent of the
8B total neutrino �ux, predi
ted by di�erent solar models, and se
ond it is free of23



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 1,700Table 8: Number of events expe
ted in GLACIER per year, 
ompared with the
omputed ba
kground (no os
illation) in the Gran Sasso Laboratory (Italy) ro
kradioa
tivity 
ondition (i.e. 0.32 10−6 n cm−2 s−1(> 2.5 MeV). The Absorption
hannel have been split into the 
ontributions of events from Fermi transition andfrom Gamow-Teller transition of the 40Ar to the di�erent 40K ex
ited levels and that
an be separated using the emitted gamma energy and multipli
ityexperimental threshold energy bias and of the adopted 
ross-se
tions for the di�erent
hannels. With the present �t to solar and KamLAND data (see se
. 3.7), one expe
tsa value of R = 1.30±0.01 after one year of data taking with GLACIER. The quotederror for R only takes into a

ount statisti
s.3.4 Atmospheri
 NeutrinosCreation by JEC 27/4/063.5 Geo neutrinosVersion 0 by JEC 2/3/06updated by L. Oberauer 13/4/06The total power dissipated from the Earth (heat �ow) has been measured withthermal te
hniques to be 44.2 ± 1.0 TW. Despite this small quoted error, a morere
ent evaluation of the same data (assuming mu
h lower hydrothermal heat �ownear mid-o
ean ridges) has led to a lower �gure of 31 ± 1 TW. On the basis ofstudies of 
hondriti
 meteorites the 
al
ulated radiogeni
 power is thought to be19 TW (about half of the total power), 84% of whi
h is produ
ed by 238U and 232Thde
ay whi
h in turn produ
e ν̄e by β de
ays. It is then of prime importan
e tomeasure the ν̄e �ux 
oming from the Earth to get geophysi
al information, withpossible appli
ations in the interpretation of the geomagnetism.The KamLAND 
ollaboration has re
ently reported the �rst observation of thegeo-neutrinos [67℄. The events are identi�ed by the time and distan
e 
oin
iden
ebetween the prompt e+ and the delayed (200 µs) neutron 
apture produ
ed by
ν̄e + p → n + e+ and emiting a 2.2 MeV photons. The energy window to look24



at the geo-neutrino events is [1.7, 3.4] MeV: the lower bound 
orresponds to the re-a
tion threshold while the upper bound is 
onstraints by the nu
lear rea
tor indu
edba
kground events. The measured rate in the 1 kT liquid s
intillator dete
tor lo-
ated at Kamioka (Japan) is 25+19
−18 for a total ba
kground of 127 ± 13 events. Theba
kground is 
omposed by 2/3 of ν̄e from the nu
lear rea
tors in Japan and Ko-rea5 and 1/3 of events 
oming from neutrons of 7.3 MeV produ
ed in 13C(α, n)16Orea
tions and 
aptured as in the inverse beta de
ay rea
tion. The α parti
les 
omefrom the 210Po de
ays daughter of the 222Rn of natural radioa
tivity origin. Themeasured geo-neutrino events 
an be 
onverted in a rate of 5.1+3.9

−3.6 10−31 ν̄e per tar-get proton per year 
orresponding to a mean �ux of 5.7 106cm−2 s−1, or this 
an betransformed into a 99% CL upper bound of 1.45 10−30 ν̄e per target proton per year(1.62 107cm−2 s−1 and 60 TW for the radiogeni
 power).The KamLAND result is at ∼ 2σ level and needs to be 
on�rmed by mu
h moreand 
leaner statisti
s. It is expe
ted to register 1500 events per year in the LENAdete
tor if one takes the mean value of the rate measured by KamLAND. But in thesame times the ba
kground may be redu
ed. The rea
tor neutrino ba
kground maybe lowered by 
hoosing a di�erent lo
ation far from nu
lear plants as at Pyhäsalmimine (Finland), where one expe
ts a fa
tor ∼ 20 redu
tion (To be 
on�rmed byLENA). The α indu
ed ba
kground may also be lowered requiring R&D to redu
ethe natural radioa
tivity of the dete
tor (the present level of U-Th in KamLAND is
10−17 g/g) as well as the Radon 
ontent of the environment.In MEMPHYS, one expe
ts 10 times more geo-neutrino events but this wouldimply to de
rease the trigger threshold to 2 MeV whi
h seems 
hallenging with re-spe
t to the present SuperKamiokande threshold set to 4.6 MeV due to high levelof raw trigger rate 120 Hz and in
reasing by a fa
tor 10 ea
h times the trigger islowered by 1 MeV [68℄. This trigger rate is driven by a number of fa
tors as γs fromthe ro
k surrounding the dete
tor, radioa
tive de
ay in the PMT glass itself andRadon 
ontamination in the water. So, it is a general interest to study in details thepossibility to ta
kle the natural radioa
tivity of the dete
tors and their environment.To be 
on�rmed by MEMPHYSIn LENA at the underground laboratory at CUPP a geo-neutrino rate of roughly1000/y from the dominant ν̄e + p → e+ + n inverse beta-de
ay rea
tion is expe
ted.The delayed 
oin
iden
e measurement of the positron and the 2.2 MeV gamma event,following neutron 
apture on protons in the s
intillator provides a very e�
ient toolto reje
t ba
kground events. The threshold energy of 1.8 MeV allows the measure-ment of geoneutrinos from the Uranium and Thorium series, but not from 40K. We
al
ulate for LENA at CUPP a rea
tor ba
kground rate of about 240 events per yearin the relevant energy window from 1.8 MeV to 3.2 MeV. This ba
kground 
an besubtra
ted statisti
ally using the information on the entire rea
tor neutrino spe
-5These events have been used by KamLAND to 
on�rm and measure pre
isely the Solar drivenneutrino os
illation parameters 3.8. 25



trum up to ≃ 8 MeV. As it was shown in KamLAND a serious ba
kground sour
emay 
ome from radio impurities. There the 
orrelated ba
kground from the isotope
210Po is dominating. However, with an enhan
ed radiopurity of the s
intillator, theba
kground 
an be signi�
antly redu
ed. Taking the radio purity levels of the CTFdete
tor, where a 210Po a
tivity of 35 ± 12/m3d in PXE has been observed, thisba
kground would be redu
ed by a fa
tor of about 150 
ompared to KamLAND andwould a

ount to less than 10 events per year in the LENA dete
tor. An additionalba
kground that imitates the geoneutrino signal is due to 9Li, whi
h is produ
ed by
osmi
 muons in spallation rea
tions with 12C and de
ays in a β-neutron 
as
ade.Only a small part of the 9Li de
ays falls into the energy window whi
h is relevantfor geo-neutrinos. KamLAND estimates this ba
kground to be 0.30 ± 0.05 [67℄. AtCUPP the muon rea
tion rate would be redu
ed by a fa
tor ≃ 10 due to bettershielding and this ba
kground rate should be at the negligible level of ≃ 1 event peryear in LENA.From this 
onsiderations we follow that LENA would be a very 
apable dete
torfor measuring geo-neutrinos. Di�erent Earth's models 
ould be tested with greatsigni�
an
e. The sensitivity of LENA for probing the unorthodox idea of a geo-rea
tor in the Earth's 
ore was estimated too. At the CUPP underground laboratoryin Pyhäsalmi the neutrino ba
kground with energies up to ≃ 8 MeV due to nu
learpower plants was 
al
ulated to be around 2200 events per year. At CUPP a 1 TWgeo-rea
tor in the Earth's 
ore would 
ontribute 210 events per year and 
ould beidenti�ed at a statisti
al level of better than 4σ after only one year of measurementand after 10 years a 4σ sensitivity for 0.3 TW would be rea
hed.Finally, in GLACIER the ν̄e + 40Ar → e+ + 40Cl∗ has a threshold of 7.5 MeVwhi
h is too high for geo-neutrino dete
tion.3.6 Indire
t Sear
h for Dark MatterVersion 0 by AB 23/03/06WIMPs that 
onstitute the halo of the Milky Way 
an o

asionally intera
t withmassive obje
ts, su
h as stars or planets. When they s
atter o� of su
h an obje
t,they 
an potentially lose enough energy that they be
ome gravitationally bound andeventually will settle in the 
enter of the 
elestial body. In parti
ular, WIMPs 
anbe 
aptured by and a

umulate in the 
ore of the Sun.We have assessed, in a model-independent way, the 
apabilities that GLACIERo�ers for identifying neutrino signatures 
oming from the produ
ts of WIMP anni-hilations in the 
ore of the Sun [107℄. Signal events will 
onsist of energeti
 ele
tron(anti)neutrinos 
oming from the de
ay of τ leptons and b quarks produ
ed in WIMPannihilation in the 
ore of the Sun. Ba
kground 
ontamination from atmospheri
neutrinos is expe
ted to be low. We do not 
onsider the possibility of observingneutrinos from WIMPs a

umulated in the Earth. Given the smaller mass of theEarth and the fa
t that only s
alar intera
tions 
ontribute, the 
apture rates for26



our planet are not enough to produ
e, in our experimental set-up, a statisti
allysigni�
ant signal.Our sear
h method takes advantage of the ex
ellent angular re
onstru
tion andsuperb ele
tron identi�
ation 
apabilities GLACIER o�ers to look for an ex
ess ofenergeti
 ele
tron (anti)neutrinos pointing in the dire
tion of the Sun. The expe
tedsignal and ba
kground event rates have been evaluated, in a model independent way,as a fun
tion of the WIMP's elasti
 s
atter 
ross se
tion for a range of masses up to100 GeV.The dete
tor dis
overy potential, i.e. the number of years needed to 
laim aWIMP signal has been dis
overed, is shown in Figs. 12 and 13. With the assumedset-up and thanks to the low ba
kground environment o�ered by the LAr TPC, a
lear WIMP signal would be dete
ted provided the elasti
 s
attering 
ross se
tion inthe Sun is above ∼ 10−4 pb.
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tion of σelastic forthree values of the WIMP mass.3.7 Neutrinos from rea
torsVersion 0 by JEC 2/3/06updated by A. Bueno 23/3/06It has been shown in se
tions 3.2 and 3.5 that ν̄e originated from nu
lear rea
-tors 
an be a serious ba
kground for di�use supernova neutrino and geo-neutrinodete
tions. But, a ba
kground on one side 
an be also turned to useful foreground27



on an other side. In parti
ular, the KamLAND 1 kT liquid s
intillator dete
tor lo-
ated at Kamioka had measured the �ux of 53 Japanese power rea
tors delivering701 Joule/
m2 [69℄. The event rate of 365.2 ± 23.7 above 2.6 MeV in 766 ton.yexposure from this nu
lear power rea
tors was expe
ted. The observed rate was258 events with a total of ba
kground of 17.8 ± 7.3. The 
lear de�
it interpretedin terms of neutrino os
illation leads to the measurement of θ12, the neutrino 1-2family mixing angle (sin2 θ12 = 0.31+0.02
−0.03) as well as the mass squared di�eren
e

∆m2
12 = 7.9 ± 0.3 10−5eV2 (error quoted at 1 σ).The area of pre
ise measurement is now under investigation. Running KamLANDfor 2-3 more years would gain 30% (4%) redu
tion in the spread of ∆m2

12 (θ12). Ithas been shown that using Water �erenkov loaded with Gadolinium to in
rease by afa
tor 10 the neutron 
apture [70℄ one 
an expe
t 80% (34%) redu
tion of the spreadof ∆m2
12 (θ12) in 110 kT.y exposure at Kamioka using SuperKamiokande.Investigation of what 
ould be expe
ted using MEMPHYS loaded with Gadolin-ium and LENA is under investigation: waiting for the Th. S
hwetz and S. Pet
ovletter.A. Bueno 
omment: There have been no studies 
on
erning the dete
tion ofrea
tor neutrinos with LAr TPC. I do not know whether this se
tion is relevant ornot, given the small amount of information we are able to give.3.8 Neutrinos from beamsVersion 0 C&P from MEMPHYS do
ument to CERN Strategi
 Groupupdated by A. Bueno 23/3/06updated by T. Marrodan Undagoitia 10/4/063.8.1 with the CERN-SPL SuperBeamIn the initial CERN-SPL SuperBeam proje
t [71, 72, 73, 74, 75℄ the planned 4MWSPL (Super
ondu
ting Proton Lina
) would deliver a 2.2 GeV/
 proton beam senton a Hg target to generate an intense π+ (π−) beam fo
used by a suitable magneti
horn in a short de
ay tunnel. As a result, an intense νµ beam is produ
ed mainlyvia the π-de
ay, π+ → νµ µ+ providing a �ux φ ∼ 3.6·1011νµ/year/m2 at 130 km ofdistan
e (ie. at the Fréjus lo
ation [76℄), and an average energy of 0.27 GeV. The

νe 
ontamination from K is suppressed by threshold e�e
ts and amounts to 0.4%.The use of a near and far dete
tor will allow for both νµ-disappearan
e and νµ → νeappearan
e studies. The physi
s potential of the 2.2 GeV SPL SuperBeam (SPL-SB) with a water �erenkov far dete
tor with a �du
ial mass of 440 kton, has beenextensively studied [72℄.New developments show that the potential of the SPL-SB potential 
ould be im-proved by rising the SPL energy to 3.5 GeV [77℄, to produ
e more 
opious se
ondarymesons and to fo
us them more e�
iently. This in
rease in energy is made possible28



by using state of the art RF 
avities instead of the previously foreseen LEP 
avities[78℄.The fo
using system (magneti
 horns) originally optimized in the 
ontext of aNeutrino Fa
tory [79, 80℄ has been redesigned 
onsidering the spe
i�
 requirementsof a Super Beam. The most important points are that the phase spa
es that are
overed by the two types of horns are di�erent, and that for a Super Beam thepions to be fo
used should have an energy of the order of 800 MeV to get a meanneutrino energy of 300 MeV. The in
rease in kaon produ
tion rate, giving higher
νe 
ontamination, has been taken into a

ount, and should be re�ned using HARPresults [81℄.In this upgraded 
on�guration, the neutrino �ux is in
reased by a fa
tor ∼ 3with respe
t to the 2.2 GeV 
on�guration, and the number of expe
ted νµ 
harged
urrents is about 95 per kton · yr in MEMPHYS.A sensitivity sin2 2θ13 < 0.8 · 10−3 is obtained in a 2 years νµ plus 8 year ν̄µrun (for δ = 0, intrinsi
 degenera
y a

ounted for, sign and o
tant degenera
ies nota

ounted for), allowing for a dis
overy of CP violation (at 3 σ level) for δ ≥ 60◦ for
θ13 = 1.2◦, and improving to δ ≥ 20◦ for θ13 ≥ 4◦ [82, 83℄. These performan
es areshown in Fig. 16, they are found equivalent to Hyperkamioka. These limits have beenobtained �rst using realisti
 simulations based on Superkamiokande performan
es(Ba
kground level, signal e�
ien
ies, and asso
iated systemati
s at the level of 2%),and more re
ently 
on�rmed using GLoBES [84℄.Let us 
on
lude this se
tion by mentioning that further studies have been ad-dressed in [96℄ to explore the CERN-MEMPHYS physi
s potential (in
luding alsoCERN BetaBeam). For instan
e, after 5 years exposure, the 3σ a

ura
y of 3-4%
an be a
heived on ∆m2

31, and an a

ura
y of 22% (5%) on sin2 θ23 if the true valueis 0.5 (0.37) that is to say in 
ase of a maximal mixing or a non-maximal mixing.More studies of the SPL SuperBeam will take pla
e inside the Te
hni
al DesignStudy to be submitted to Europe by the neutrino fa
tory 
ommunity toward the endof 2006.3.8.2 with the CERN BetaBeamsBetaBeams have been proposed by P. Zu

helli in 2001 [85℄. The idea is to generatepure, well 
ollimated and intense νe (ν̄e ) beams by produ
ing, 
olle
ting, a

eleratingradioa
tive ions and storing them in a de
ay ring in 10 ns long bun
hes, to suppressthe atmospheri
 neutrino ba
kgrounds. The resulting BetaBeam spe
tra 
an beeasily 
omputed knowing the beta de
ay spe
trum of the parent ion and the Lorentzboost fa
tor γ, and these beams are virtually ba
kground free from other �avors.The best ion 
andidates so far are 18Ne and 6He for νe and ν̄e , respe
tively. Thes
hemati
 layout of a Beta Beam is shown in Fig. 15. It 
onsists of three parts:1. A low energy part, where a small fra
tion (lower than 10%) of the protonsa

elerated by the SPL are shot on spe
i�
 target to produ
e 18Ne or 6He29
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Figure 14: Neutrino �ux of β-Beam (γ = 100) and CERN-SPL SuperBeam, 3.5 GeV,at 130 km of distan
e.these ions are then 
olle
ted by an ECR sour
e of new generation [86℄ whi
hdelivers ion bun
hes with 100 keV energy, then a

elerated in a LINAC up to100 MeV/u. This part 
ould be shared with nu
lear physi
ists involved in theEURISOL proje
t [87℄.2. The a

eleration to the �nal energy uses a rapid 
y
ling 
y
lotron (labelledPSB) whi
h further a

elerates and bun
hes the ions before sending them tothe PS and the SPS, where they rea
h their �nal energy (γ around 100). Inthis pro
ess, 16 bun
hes (150 ns long) in the booster are transformed into 4bun
hes (10 ns long) in the SPS.3. Ions of the required energy are then stored in a de
ay ring, with 2500 m longstraight se
tions for a total length of 7000 m, so that 36% of the de
ays give astrongly 
ollimated and ultra pure neutrino beam aimed at the Fréjus dete
tor.A baseline study for the betabeam has been initiated at CERN, and is now goingon within the european FP6 design study for EURISOL. A spe
i�
 task is devotedto the study of the high energy part (last 2 items above). A 
omplete 
on
eptualdesign for the de
ay ring has already been performed. The inje
tion in the ring usesthe asymetri
 merging s
heme, validated by experimental tests at CERN. The a
tualperforman
es of the new ECR sour
es will also be studied with prototypes in theframework of the EURISOL design study.The potential of su
h betabeams sent to MEMPHYS has been studied in the 
on-text of the baseline s
enario, using referen
e �uxes of 5.8·1018 6He useful de
ays/year30
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omplex. On the left, the low energypart is largely similar to the EURISOL proje
t [87℄. The 
entral part (PS and SPS)uses existing fa
ilities. On the right, the de
ay ring has to be built.and 2.2·1018 18Ne de
ays/year, 
orresponding to a reasonable estimate by experts inthe �eld of the ultimately a
hievable �uxes .First os
illation physi
s studies [89, 90, 91, 92℄ used γ6He = 60 and γ18Ne =
100. But it was soon realized that the optimal values were a
tually γ = 100 forboth spe
ies, and the 
orresponding performan
es are shown in �gure 16, exhibitinga strong improvement over SPL SuperBeam performan
es, extending the range ofsensitivity for θ13 down to 0.4 degree, and improving CP violation sensitivity at lowervalues of θ13.To 
on
lude this se
tion, let us mention a very re
ent development of the BetaBeam 
on
ept leading to the possibility to have mono
hromati
, single �avor neu-trino beams by using ions de
aying through the ele
tron 
apture pro
ess [93, 94℄. Asuitable ion 
andidate exists : 150Dy, whose performan
es have been already delin-eated [93℄. Su
h beams would in parti
ular be perfe
t to pre
isely measure neutrino
ross se
tions in a near dete
tor with the possibility of an energy s
an by varying the
γ value of the ions. LENA 
an as well be used as dete
tor for a low-energy BetaBeamos
illation experiment. Using a neutrino beam of about 600-800 MeV, muon eventsare separable from ele
tron events due to their di�erent tra
k length's in the dete
torand due to the ele
tron emitted in the muon de
ay after a mean time of 2.2 µs.In simulations it has been shown that for those energies, muons travel ∼ 3 mwhile ele
trons only ∼ 1 m as ele
trons undergo s
attering and bremsstrahlung. Thisresults in di�erent distributions of the number of photons and the timing pattern,whi
h 
an be used to distinguish between the two 
lasses of events. Further studieson the event position re
onstru
tion will be performed to estimate the e�
ien
y ofmuon/ele
tron separation. In addition, muons 
an be re
ognized by observing theele
tron of its su

eeding de
ay. It has been 
al
ulated that the e�
ien
y in the31
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Figure 16: LEFT: θ13 90% C.L. sensitivity as fun
tion of δCP for ∆m2
23 =

2.5·10−3eV 2, sign(∆m2
23) = 1, 2% systemati
 errors. SPL-SB sensitivities havebeen 
omputed for a 2 year νµ + 8 year ν̄µ run, βB (γ = 100) for a 5 year νe + 5year ν̄e run, 200 MeV energy bins for both beams. The 
ombination of SPL-SB and

βB is also shown. HK and NuFACT 
urves are adapted from [88℄: HK 
urves 
orre-sponds to Hyperkamioka with the same �du
ial mass, running time and systemati
sas MEMPHYS, using the 4MW beam from JAERI. The NuFACT 
urve 
orrespondsto 5 year runs for ea
h polarity, two 50kton iron dete
tors lo
ated at 3000 and 7000km re
eiving neutrinos from 1021 useful 50 GeV muon de
ays per year, dete
tor sys-temati
s set at 2%, matter pro�le un
ertainty set at 5%, energy threshold set at 4GeV. RIGHT: δCP dis
overy potential at 3σ 
omputed for the same 
onditions.
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dete
tion of these ele
trons is ∼ 96%. For the rest of events the de
ay happens tofast and 
annot be resolved from the pre
eding muon signal.It is important to point out that for the mentioned muon/ele
tron separation,a �du
ial volume has to be de�ned to guarantee full 
ontained events. This wouldredu
e the �du
ial volume of LENA just in less than a 10%.The advantage of using a liquid s
intillator dete
tor for su
h an experiment is thegood energy re
onstru
tion of the neutrino beam. Neutrinos of these energies 
anprodu
e delta resonan
es of the nu
leon whi
h subsequently de
ay into nu
leon andpion. In Water �erenkov dete
tors, pions with energies under the �erenkov threshold
ontribute to the error in the energy of the neutrino. In LENA these parti
les 
anbe dete
ted.3.8.3 
ombining SPL Super Beam and Beta BeamSin
e betabeams use only a small fra
tion of the protons available from the SPL,both beta beam and SuperBeam 
an be run at the same time. The 
ombination ofSuperBeam and betabeam results further improves the sensitivity on θ13 and δ, asshown on �gure 16. It is better in all 
ases than Hyperkamioka sensitivity, ex
eptmaybe for very large values of θ13 above 6◦. The sensitivity on CP violation is evenbetter than that of a neutrino fa
tory for θ13 above 1.7o (but neutrino fa
tories arestill a fa
tor 3 better for θ13 sensitivity). This 
ombination of super and betabeamso�ers other advantages, sin
e the same parameters θ13 and δCP may be measuredin many di�erent ways, using 2 pairs of CP related 
hannels, 2 pairs of T related
hannels, and 2 pairs of CPT related 
hannels whi
h should all give 
oherent results.In this way the estimates of the systemati
 errors, di�erent for ea
h beam, willbe experimentally 
ross-
he
ked. And, needless to say, the unos
illated data for agiven beam will give a large sample of events 
orresponding to the small sear
hed-for signal with the other beam, adding more handles on the understanding of thedete
tor response.Finally, a 
ommon 
riti
ism made to proje
ts like MEMPHYS using sub-GeVbeams is that they get no sensitivity on the mass hierar
hy, 
ontrary to other proje
tswith higher energy beams. However, a re
ent study [95, 96℄ has shown that lowenergy Super Beam and Beta Beam 
an pro�t of atmospheri
 neutrino os
illations,dete
ted with large statisti
s in a megaton s
ale water �erenkov dete
tor, to solvedegenera
ies and measure sign(∆m2
23) .3.8.4 
omparison with other proje
tsBefore the advent of megaton 
lass dete
tors re
eiving neutrino from a Super Beamand/or Beta Beam, several beam experiments (MINOS, OPERA, T2K, NoVA) andrea
tor experiments (su
h as Double-CHOOZ) will have improved our knowledge on

θ13. 33



If θ13 is found by these experiments, it will be "big" (above 4 degrees), andmegaton dete
tors will be the perfe
t tool to study CP violation, with no need for aneutrino fa
tory. If on the 
ontrary, only an upper limit around 2 to 3 degrees is givenon θ13, one might 
onsider an alternative between a staged strategy, starting withmegaton dete
tors, to explore θ13 down to 0.5 degree and start a ri
h program of nonos
illation physi
s, eventually followed by a neutrino fa
tory if θ13 is not found; ora more aggressive strategy, aiming dire
tly at neutrino fa
tories to explore θ13 downto 0.3 degree, but with no guarantee of su

ess; in the latter 
ase, the non-os
illationphysi
s (proton de
ay, supernova) is lost, but would be repla
ed by pre
ision muonphysi
s (whi
h has to be assessed and 
ompared with other proje
ts in this �eld).There is no doubt that a neutrino fa
tory has a bigger popential than megatondete
tors for very low values of θ13 (below 2 degrees), and the only 
ompetition inthat 
ase 
ould 
ome from so-
alled high energy BetaBeams. An abundant litteraturehas been published on this subje
t (see [97, 98, 99, 100, 101, 102℄), but most authorshave taken as granted that the neutrino �uxes from BetaBeams 
ould be kept thesame at higher energies, whi
h is far from evident [103℄ and implies a lot of R&D onthe required a

elerators and storage rings before a useful 
omparison 
an be madewith neutrino fa
tories.JEC 
omment: This should be rewritten 
ertainly...Presently, the only pertinent 
omparison is between the several megaton proje
ts,namely UNO, Hyperkamiokande (HK) and MEMPHYS, or their variants using liq-uid argon te
hnology (su
h as FLARE in the USA, GLACIER in Europe). In thisdo
ument, we have shown a 
omparison between HK and MEMPHYS, showing ade�nite advantage for the latter, due to the BetaBeam. However, re
ent variants ofHK using a se
ond dete
tor in Korea would have to be 
onsidered. UNO, for thetime being, refers to a study of a very long baseline (2500 km) neutrino wide bandSuperBeam produ
ed at Brookhaven, whi
h gives a disappointing sensitivity on θ13at the level of 4 degrees (this is due to the fa
t that this multiGeV beam leads tohigh π0 ba
kgrounds in a water �erenkov dete
tor, as explained before).Liquid argon dete
tor performan
es have to be studied, but they will probablysu�er from their lower mass for the lower limit on θ13, while a better visibility ofevent topologies would probably help for high values of θ13, when statisti
s be
omeimportant and systemati
s dominate; all this has still to be 
arefully quanti�ed.3.8.5 Neutrino Fa
tory LAr dete
torIn order to fully address the os
illation pro
esses at a neutrino fa
tory, a dete
torshould be 
apable of identifying and measuring all three 
harged lepton �avors pro-du
ed in 
harged 
urrent intera
tions and of measuring their 
harges to dis
riminatethe in
oming neutrino heli
ity. This is an experimentally 
hallenging task, given therequired dete
tor mass for long-baseline experiments.The GLACIER 
on
ept o�ers a high granularity, ex
ellent 
alorimetry non mag-34



netized target dete
tor, whi
h provides a ba
kground free identi�
ation of ele
tronneutrino 
harged 
urrent and a kinemati
al sele
tion of tau neutrino 
harged 
urrentintera
tions. We 
an assume that 
harge dis
rimination is available for muons rea
h-ing an external magnetized-Fe spe
trometer. Another interesting and extremely 
hal-lenging possibility would 
onsist on magnetizing the whole liquid argon volume [104℄.This set-up allows the 
lean 
lassi�
ation of events into ele
tron, right-sign muon,wrong-sign muon and no-lepton 
ategories. In addition, high granularity permitsa 
lean dete
tion of quasi-elasti
 events, whi
h by dete
ting the �nal state proton,provide a sele
tion of the neutrino ele
tron heli
ity without the need of an ele
tron
harge measurement.Table 9 summarizes the expe
ted rates for GLACIER and 1020 muon de
ays(expe
ted 1 year of operation) at a neutrino fa
tory with stored muons having anenergy of 30 GeV [105℄. Ntot is the total number of events and Nqe is the number ofquasi-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 de
ays 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 de
ays νe CC 1970000 78800 129000 5160 19800 800

νe NC 579000 − 36700 − 5800 −Table 9: Expe
ted events rates for the GLACIER dete
tor in 
ase no os
illationso

ur for 1020 muon de
ays. We assume Eµ=30 GeV. Ntot is the total number ofevents and Nqe is the number of quasi-elasti
 events.Figure 17 shows the expe
ted sensitivity in the measurement of the mixing anglebetween the �rst and the third family for a baseline of 7400 km. The maximalsensitivity to θ13 is a
hieved for very small ba
kground levels, sin
e we are looking inthis 
ase for small signals; most of the information is 
oming from the 
lean wrong-sign muon 
lass and from quasi-elasti
 events. On the other hand, if its value is nottoo small, for a measurement of θ13, the signal/ba
kground ratio 
ould be not so
ru
ial, and also the other event 
lasses 
an 
ontribute to this measurement.Like for a B-Fa
tory, a ν-Fa
tory should have among its aims the over 
onstrain-ing of the os
illation pattern, in order to look for unexpe
ted new physi
s e�e
ts.This 
an be a
hieved in global �ts of the parameters, where the unitarity of the35



mixing matrix is not stri
tly assumed. Using a dete
tor able to identify the τ leptonprodu
tion via kinemati
 means, it is possible to verify the unitarity in νµ → ντ and
νe → ντ transitions. For this latter, the possibility of a kinemati
al τ identi�
ationfor wrong-sign muon events 
ould allow for the �rst time a 
lear identi�
ation of thistype of os
illations.

Eµ = 30 GeV, L = 7400 km
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Figure 17: GLACIER sensitivity for θ13.The study of CP violation in the lepton system is a very fas
inating subje
t andprobably, the most ambitious goal of an experiment at a neutrino fa
tory. Mattere�e
t 
an mimi
 CP violation; however, a multi parameter �t at the right baseline
an allow a simultaneous determination of matter and CP-violating parameters.To dete
t CP violation e�e
ts, the most favorable 
hoi
e of neutrino energy Eνand baseline L is in the region of the ��rst maximum�, given by (L/Eν)
max ≃ 500km/GeV for |∆m2

32| = 2.5 × 10−3 eV2 [106℄. To study os
illations in this region,one has to require that the energy of the ��rst-maximum� be smaller than the MSWresonan
e energy: 2
√

2GF neE
max
ν . ∆m2

32 cos 2θ13. This �xes a limit on the baseline
Lmax ≈5000 km beyond whi
h matter e�e
ts spoil the sensitivity.As an example, Fig. 18 shows the sensitivity on the CP violating phase δ fortwo 
on
rete 
ases. We have 
lassi�ed the events in the �ve 
ategories previouslymentioned, assuming an ele
tron 
harge 
onfusion of 0.1%. We have 
omputed theex
lusion regions in the ∆m2

12 − δ plane �tting the visible energy distributions, pro-36



vided that the ele
tron dete
tion e�
ien
y is ∼ 20%. The ex
luded regions extendup to values of |δ| 
lose to π, even when θ13 is left free.
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Figure 18: GLACIER 90% C.L. sensitivity on the CP -phase δ as a fun
tion of
∆m2

21 for the two 
onsidered baselines. The referen
e os
illation parameters are
∆m2

32 = 3 × 10−3 eV2, sin2 θ23 = 0.5, sin2 θ12 = 0.5, sin2 2θ13 = 0.05 and δ = 0.The lower 
urves are made �xing all parameters to the referen
e values while for theupper 
urves θ13 is free.4 Summaryversion 0 by JEC 26/4/06A
knowledgmentsTo be 
ompleted: P.F. Perez, A. Mirizzi
37



Topi
s GLACIER LENA MEMPHYS(100 kt) (50 kt) (440 kt)Proton de
ay

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) ?-60/30 10-115/4 150-375/165Solar 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.) no ≈ 1000 need 2 MeV thresholdRea
tor ν (1 yr Sig.) ? 1.7 104

6.0 1041 shaft with GdDark Matter 10 yr Sig. 3 events (σES = 10−4,M > 20 GeV) ? ?A

elerator neutrinosTable 10: Some basi
 parameters of the three dete
tor baseline designs
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