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•Solar neutrino anomaly solved
•Detection of SN-1987A (Nobel Koshiba)
•Discovery of atm neutrino oscillations
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Past success of the field not predicted!



Sun and earth dynamics

Core collapse supernova
R-process Nuceosynthesis

DSNB Star formation

Core collapse mechanism
Standard candles?

Leptogenesis
Baryogenesis

Proton decay
Neutrino

L at high E

Dark matter
Dark energy

Large Underground
Detectors adress issues 

at all levels of 
Cosmology Astrparrticle

and Particle Physics
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Some detectors presented at Some detectors presented at NNN WorkshopsNNN Workshops

Water Čerenkov 500kT→1Mt

Liq. Argon
→100kT

Liq. Scintillator
→50kT

HyperK UNO

GLACIER LENA

Start 99, recent Aussois 05, Seattle 06, future Hamamatsu 07, Paris 08
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Charge(pe)
    >15.0
13.1-15.0
11.4-13.1
 9.8-11.4
 8.2- 9.8
 6.9- 8.2
 5.6- 6.9
 4.5- 5.6
 3.5- 4.5
 2.6- 3.5
 1.9- 2.6
 1.2- 1.9
 0.8- 1.2
 0.4- 0.8
 0.1- 0.4
    < 0.1

Super-Kamiokande
Run 999999 Event 294
102-11-06:00:06:35

Inner: 3849 hits, 8189 pE

Outer: 4 hits, 2 pE (in-time)

Trigger ID: 0x03

D wall: 946.1 cm

FC, mass =  909.0 MeV/c^2
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ICARUS T600 Event

LAr

Energy Threshold:
H20 seuil Č: ~1.07GeV:p, ~570MeV: K±, 
~120MeV:µ±,~0.6MeV:e±

LENA ~(200÷300)keV (100pe/Mev)
LAr few 100 keV
Resolution: LENA/GLACIER better

J. Argyriades PhD

π0 invariant mass
(ATM ν)

1-ring vertex ~10cm
Ring-direction ~ 1°
σE ~10%/√E (45% Solar ν)
Absolute E scale @ 3%



Timing…Timing…
1616OO→ν→νKK++1515NN γγ ,  K,  K++→→ µµ++ νν

e+νν
236MeV/c6–10 MeV

H20Scint.Liq.

K+ decay
(18ns)
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Pulse shape analysis

All: Autotrigger capability

No possibility for Glacier (1µs)



PIdPId

e−

Particle ID : 99% 1-ring µ, e

H20

See track below Cerenkov thres.
Ex. proton recoil QEν (Τ2Κ−2km)

Neural Net: dEdx + Length
Protons efficiency >99%
Kaons mis-id as protons <1% 
Pions/muons cc 1%

Seuil Cerenkov

Kinetic E

dE
/d

x

p
K

µ

LAr

Timing µ decay (e/µ sep.)
e/α/p recul à basse énergie
n Id via capture γ
TOF pour « point like event »

Scin. Liq.



Proton decay

p → e+ π0p → K+⎯ν

An Upper Bound exists coming from the GAUGE sector (d=6) 
model indépendant I. Dorsner, P. F. Perez PLB 625 (05) 88 

Specific model gives faster decay rates…

It is quite diffical and unatural to set to 0 all the decay
channels simultaneously

⎯ν + meson ↔ charged lepton + meson

(generic channels)



LAr
1-10ans

H20 10ans

SK-I

H20 10ans

LAr
1-10ans

Scint. Liq 10ans

SUSY SU(5), SO(10) , 6dim op,

model independent τp=1034-1036ySUSY SU(5), SO(10) ,  5dim op, susy
spectrumτp= 3x1033- 3x1034y.

p → e+ π0p → K+⎯ν

Awaiting important results from LHC





SN II Explosion

Neutrinos Neutrinos 
severalseveral
hours hours 
before lightbefore light

Early lightcurve of SN1987A 1. Si Burning 

2. Neutronisation burst 

3. Forward and reverse shocks, 
influences of turbulence?

4. SN pointing and SN early trigger 
(to 2-3 Mpc)

5. Visualize onset  of black hole 
formation,  access to the EOS of 
neutron star 

6. R-process nucleosynthesis

7. Deduce value of θ13  

Be prepared to see the next SN explosion 



Astroparticle trigger (GW antennas)

Also onset of black hole,  measure EOS

@SK

@Mton

RSN

Luminosities and energies

Si Burning (LENA and MEMPHYS/Gd)

Neutronisation burst (GLACIER)

Shock Wave

Turbulance?



Neutronization burst (~ 25 ms, after the bounce)

I.H.
N.H

sin2θ13=

N=110

N=182

H20

νe,x e-→νe,x e- (ES)

I.H.

(N.H. sin2θ13≲10
-5)

N=86
N.H. Sin2θ13>10-3

N=41

LAr

νe Ar →e- K*   (CC)

Robust feature of the SN simulation

Possibility to probe non standard physics
Resonant Spin Flavor transitions [E.Akhmedov et al., hep-ph/0310119]
Neutrino Decay [S.Ando, hep-ph/0405200]

Possibility to look for non standard ⎯νe fraction  (H20)

+ NC



νe ⎯νePresent≲ 10-5Any

νe

⎯νe (delayed)
⎯νePresent≳ 10-3Inverted

⎯νe

νe (delayed)
νeAbsent≳ 10-3Normal

Earth effectShock wave
νe neutronization

peak
sin2θ13Hierarchy

(νµτ + p NC  measurement of independant fraction of the binding energy)

Time evolution of the energy spectrum: Burst + Shock Wave +Earth
θ13 parameter + mass Hierarchy

A. Mirizzi

1) Sin2θ13 ≳ 10-3 earth effects or shock wave                =>mass hierarchy 
(use icecube?)

2) If Double beta decay has excluded inverted hierarchy and the 
neutronisation peak is present => Sin2θ13≲ 10-5

ν e /ν e



Diffuse SNν

Detection of SNν with z ≲ 1

Flux ∝ all SN(z) in particular those which produce a Black 
hole

Flux(E) may be a complementary probe of the Dark Energy 
as the Large Supernova Survey (eg. LSST) 

Hall, Murayama et al.



Current limit close to a detection?

GALEX 
(1+z)2.5 z<1
(1+Z)0.5 z>1
Astrophys.J. 619 (2005) L47

Les oscillations (LMA) augmente 
quelque peu le flux  E>30MeV

1.2 cm-2s-15.1 cm-2s-1

Eν > 19.3MeVEν > 11.3 MeV

SK limit (90% 
C.L.)

ν

SK-I upper limit
Ando’s talk 

NNN05

Inv. µ
⎯νe atmSK

Sum bkgd

Réacteur + Sun

Formation Etoile

Supernova

Phys. Rev. Lett 90, 061101 (2003)



Futur: ⎯νe & νe complementarity

H20 + n-capture

∆T(p: 2MeV γ) = ~ 200 µs
∆T(Gd: 8MeV γ) = few 10th µs

30% PMT coverage

Nakahata+Vagins @ NNN05

LENA + n-capture
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νe + 40Ar → 40K* +e−



SN parameter measurements: « explosion vs DSN »
SN 1987A (KAM-II,IMB)
DSN (SK)

DSN
5yrs SK-Gd

⇔1yr MEMPHYS-1shaft-Gd

Yukse, Ando Beacom astro-ph/0509297 



S.Petkov, T. Schwetz

Measuring θ12 at Fréjus with nearby
reactors

LENA (50kT) @ Pyhäsalmi: 
Reactor bck 2000 ev/year,

1 TW georeactor 200 ev/y , 4σ after 1 year, 

a sensitivity of 0.3 TW  after 10 years

<D>=300 km, Flux 3.4 MW/KM2/4π

Reactors and geoneutrinos

MEMPHYS: challenging to set a threshold
at 3MeV
A dedicated reactor exp. may be more 
sensitive (ex. SPMIN)



Summary of the non-accelerator program



Oscillations...

Octant de θ23
θ13
δCP
Hierarchy

?
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1σ

Cannot access to the Absolute mass scale, Majorana phases…





Adapted from P. Huber et al.  hep-ph/0601266 & G. Mention GDR ν oct06 & MINOS Prog P & N Phys 06 

θ13 : sensibility evolution

δCP unknown

D-Chooz Near detector

?

Depends on 
#pot : >15 1020 pot
syst.: <5%

MINOS baseline
3.4 x 1020 pots / year

Present French road map

MINOS-OPERA



Using an upgrade of CNGS-off Axis + GLACIER

Can also use 2 baselines
850km + 1050km 

for Hierarchy 



SUPERBEAM BETABEAM

νµ → νe νe → νµ

νµ → νe νe → νµ

Future Super Beam and/or β 
Beam (for instance at CERN) 

2 ways of testing CP, T and CPT : redundancy and 
check of systematics

2 beams

1 detector

2→5yrs

8yrs

5yrs

5yrs

pure4 ν flavours + K

π+/π−
6He

18Nd

81kνµ

107k⎯νµ

144kνe(γ =100)

101k⎯νe (γ =100)
4Mt.y



R110

Solid Target

FFAG Electron Model of Muon 
Acceleration (EMMA)

FFAG 1
13-25GeV

FFAG 2
25-45GeV

Muon Ionisation 
Cooling

Solenoidal 
Muon Linac 
0.2-2GeV

Far Detector 1

Far Detector 2

Neutrino 
Factory

Near DetectorR109

To Fa
r D

etector 2

To Far Detector 1

Muon Decay Ring
(muons decay to neutrinos)

~300m below ground

Proton Driver Front-End 
Test Stand (FETS)

Dogbone
Recirculating
Linac (RLA)

5½ pass,
2-13GeV

H− Ion
Source

LEBT
at 35keV

RFQ
to 3MeV

Beam 
Choppe

r

180MeV H− Linac

Stripping Foil
(H− to H+/protons)

Achromat for removing 
beam halo

Two Stacked Proton 
Synchrotrons (boosters)
• 1.2GeV
• 39m mean radius
• Both operating at 50Hz

Two Stacked Proton 
Synchrotrons (full energy)
• 6GeV
• 78m mean radius
• Each operating at 25Hz, 
alternating for 50Hz total

Residual 
proton 
Beam 
Dump

Solenoidal Decay Channel
(in which pions decay to muons)

RF Phase 
Rotator

Muon Cooling Dogbone

Tungsten target 
enclosed in 20T 
solenoid
(produces pions
from protons)

Proton Driver Front End

324MHz Drift Tube Linac (DTL)
to 90MeV

972MHz Side-Coupled Linac (SCL)
to 180MeV

Neutrino Factory (possible design)



sin22θ13≠ 0 (3σ) sign ∆m2
31 δ ≠ 0 AND δ ≠ π

ISS report Draft 12-feb-07

500kT H20 @ Frejus + SPL CERN (130km)

500kT H20 @ Kamioka +  Tokay-II (300km)

500kT H20 @  Homestake +  BNL (2500km)

500kT H20 @ Frejus + βB-baseline CERN (130km)
500kT H20 @ Gran Sasso + βB-High Energy CERN (730km)

50kT-MINOS magnetized + 50GeV 4000km
20GeV 4000km + 7500km with improved threshold

Super Beams GLACIER

Magnetised

7400km



• In case T2K-I has hints of oscillation 
Fréjus-CERN  with superbeam and betabeam
is the fastest way to explore CP violation in 
Europe, 

• Otherwise one has to gauge the 
possibility: 

• to gain 1 order of magnitude on sin22θ13
and δ with the extra proton decay and 
supernova physics potential 

• to go directly to  a gain of 2 orders of 
magnitude gain (Nufact)  + technical 
feasibilities 

A Design Study on NuFAct+SPL+βB
will be submitted to EU FP7

A possible strategy:



Outlook I

In 5-6  years (2011-2012)  there will be a new landcape in our science
LHC  answers for supersymmetry (dark matter)  and grand unification
DOUBLE-CHOOZ, T2K,  DayaBay, Nova  will have probed θ13 to 2.5-3°
Next generation astroparticle experiments about to start running or 

construction (advLIGO/VIRGO, KM3/ICECUBE, CTA,  1 ton DM and
DBD) 
Cosmological probes (PLANCK and beyond),  Supernova surveys (LSST) 
will start providing information on the sum of neutrino masses and
supernova statistics

The large underground detectors probe 
both the Lagrangian at the highest scales (proton decay and neutrino properties)  
have a rich astroparticle and cosmology program.

A large underground detector will be necessary somewhere
in the world. 



Outlook II

In 5-6 years (2011-2012) will also be the times of world distribution of new very
large infrastructures.
Water Cherenkov, Liquid Scintillator and Liquid Argon present important 
physics complementarities (e.g flavours of proton decay, type of neutrinos in 
supernova searches) and also a lot of common R&D needs (cavities, 
photodetection). They work in  synergy.
In Europe a common design study for FP7 will help reach the required critical
mass needed to study the three options with the required level of details. 
ApPEC/Aspera roadmap could permit its coordinated funding (also true for the
other 5 large astroparticule infrastructures). 

Coordination with HEPAP/P5/NSF, Canada, Asia sought . (EPP2010)
Worldwide coordination (e.g. NNN workshops,05 Aussois, 06 Seattle,  07 
Hamamatsu, 08 Europe ) will benefit from a better coordinated EU effort.


