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Particle Physics aspects of a MW machine

•Long-range programme in neutrino physics:
superbeam, β beam, neutrino factory

•Complementary programme in µ physics:
rare µ decays, µ properties, µ colliders?

•Next-generation facility for nuclear physics
also tests of SM, nuclear astrophysics 

(next talk) 

•Synergy with CERN programme:
LHC, CNGS ν, ISOLDE, heavy ions, β beam

(next talk + J.Ellis talk)
M.Spiro

See also talks by Migliozzi and Ceccucci for 
SBL and higher energy options
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The primary Physics motivation:
Neutrino masses and mixings

Hernandez

Why so small?
Why mixing angles so large?
Possible connection with GUT theories at high mass M
and with Lepto & Baryo-genesis



Michel Spiro           Particle Physics at the Megawatt proton source. CERN 27 May 2004  



Michel Spiro           Particle Physics at the Megawatt proton source. CERN 27 May 2004  

ν Oscillation Parameters

ν

Geometry of
ν oscillations:

Unknown mass hierarchy:

Euler angles +
CP-violating phase
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Neutrino Oscillations 

Solar
Atmospheric

Interference, 
responsible for  

CP, T   violation

Atmo:   L/E=500km/1GeV

Solar L/E=18000km/1GeV
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300 MeV ν µ  Neutrinos

small contamination 
from νe (no K at 2 GeV!)

A large underground water Cerenkov (400 kton) UNO/HyperK
or/and a large L.Arg detector. 
also : proton decay search, supernovae events solar and 
atmospheric neutrinos. Performance similar to J-PARC II
There is a window of opportunity for digging the cavern 
starting in 2008 (safety tunnel in Frejus or TGV test gallery) 

CERN-SPL-based Neutrino SUPERBEAM

Fréjus underground lab.
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Europe: SPL Frejus
Gen

ev
e

Italy

130km

40kt
400kt

CERN

SPL @ CERN
2.2GeV, 50Hz, 2.3x1014p/pulse 

4MW superconducting
Now under R&D phase
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CERN: β-beam baseline scenario
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Combination of beta beam with low energy super beam

Unique to CERN- based scenario

combines CP and T violation tests 

νe → νµ (β+) (T) νµ → νe   (π+)

(CP)

νe → νµ (β-) (T) νµ → νe   (π-)
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-- Neutrino Factory --
CERN layout

µ+ → e+ νe νµ

_

interacts
giving µ+

oscillates νe ↔ νµ
interacts giving µ−

WRONG SIGN MUON

1016p/s

1.2 1014 µ/s =1.2 1021 µ/yr

3 1020 νe/yr
3 1020 νµ/yr

0.9 1021 µ/yr



Michel Spiro           Particle Physics at the Megawatt proton source. CERN 27 May 2004   

Where will this get us… 

comparison of reach in the  oscillations; right to left:
present limit from the CHOOZ experiment, 
expected sensitivity from the MINOS experiment, CNGS (OPERA+ICARUS)
0.75 MW JHF to super Kamiokande with an off-axis narrow-band beam, 
Superbeam: 4 MW CERN-SPL to a 400 kton water Cerenkov  in  Fréjus (J-PARC phase II similar)
from a Neutrino Factory with 40 kton large magnetic detector.  

0.10 10 2.50 50 130

Mezzetto

X 5
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The « Venice » 
4 phase program
for θ13 and δ

1) CNGS/MINOS 
(2005-2010)
2) JPARC/Reactor(?)
(2008-2013)
3) Superbeam/betabeam
or NUMI off axis
or 4MW JPARC
(2014-)
4) Neutrino factory
(>2020)

A MW machine is central
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The Neutrino Road Map
Experiments to find θ13  : 

1. search for νµ→νe in  conventional νµ beam  (MINOS, 
ICARUS/OPERA)  ==> 2005-2010 

 limitations: NC π0 background, intrinsic νe component in beam
 2. Off-axis beam (JParc-SK, off axis NUMI, off axis CNGS) 
 (~2008-2013) or reactor experiments
 3. Low Energy Superbeam (BNL Homestake, SPL Fréjus or 

J-Parc-HyperK) (~2014-2020)

µ+ → e+ νe νµ and µ− → e- νe νµ

Precision experiments to find CP violation 
-- or to search further if θ13  is too small

1. beta-beam         6He++ → 6Li+++ νe e− and 18Ne 10+ 18F 9+ νe e+ 

(also 2014-2020?)
2. Neutrino factory with muon storage ring (>2020)

fraction thereof will exist . 
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2 Detector Hyper-Kamiokande

2 detectors×48m × 50m ×250m,  Total mass = 1 Mton
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C omp onent s  of  t he Pro jec t

->   a  v e r y  l a r ge L abo r ato r y t o a llo w  t he  i nsta l la t i o n  of a
      M ega to n-s c ale  C e renko v  D e tec t or ( -  10 6 m 3) an d / or
       a L iqu id- A rg o n D ete ctor

Present  Tun nel

F utu r e
Safety  Tunn e l

Present  L abo r ato r y

F utu r e L abo r ato r y
w ith  W ater  C e renko v  D ete cto rs

  C E RN

The 'Baseline' European Project:
in the Franco-Italian
tunnel Fréjus

Main advantages:
1) Large depth
(>4800 mwe)
2) Beam at the right 
distance
3) Easy access, central 
european position
4) Support from local 
autorities, governments

MoU CEA/IN2P3/INFN
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Do we need more 
theoretical effort 
for really model 
independent limits 
and guidance?

Proton decay
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Supernova

SK is a factor of 3 in 
sensibility  below models
A Megaton detector in a 
deep site (<4000 mwe)
could exclude all models
or discover SNR in3-5 
years

Supernova
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Megaton physics goals
Proton decay and GUT theories
Neutrino parameters

superbeam/betabeam
atmospheric/solar 

Astroparticle
Supernova explosion and relic
Other astrophysical sources 

Synergy  
accelerator and astroparticle physics
and nuclear physics (EURISOL)
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2 critical elements for the 
megaton detectors:
1) Excavation
2) cost of photodetectors

Toshibora
mine

Design studies should include
these two topics
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JAERI sideKEK side

JPARC start of construction

An example to follow 
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rare muon decays -- connection with ν-oscillations
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Additional contribution to slepton
mixing from V21 (the matrix element  
responsible for solar neutrino deficit)

J. Hisano, N. Nomura, Phys. Rev. D59 (1999)
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µ-→e- conversion

Ee = mµ - EB

signal 
µ (A,Z) → e (A,Z)

main backgrounds

MIO

µ (A,Z) → e ν ν (A,Z)

e- µ- γ

(A,Z)

RPC
π (A,Z) → γ (A,Z-1)

Beam related background

Requires a BUNCHED beam
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Illustration of the beam needs for the different kinds of 
experiments
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Conclusions

Neutrino physics (masses, mixings and CP violation) 
meet proton decay physics at GUT scales

This physics is just as important as the exploration of 
the electroweak scale.

Megawatt beams coupled with Megaton detectors are 
the natural aim at the 2015 horizon.
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Conclusions (Euro-centered)

Unique opportunities exist in Europe: 
1. Unique LHC upgraded+ Superbeam + betabeam  + rare µ decays 
synergies at CERN

(accelerator complex + Isolde/Eurisol Expertise and 
physics )

2. The Superconducting proton Linac option has more potential for 
ultimate intensities

3. Deep underground megaton laboratory opportunities in Europe at 
adequate distance 

(Fréjus…)

4. these are first steps towards Neutrino Factories and muon 
colliders. 


