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Outline (I)
Primer Romance

The invention and discovery of neutrinos
Primera Laguna

Neutrino sources
Segundo Romance

The anomalous particle
Segunda Laguna

Neutrino detectors



Outline (II)
Tercer Romance

The discovery of neutrino oscillations
Tercera Laguna

Current experiments
Cuarto Romance

The quest for the grial
Cuarta Laguna

A Road to Lothlorien
Ultimo Romance

Combining it all and a view of the future
Ultima Laguna.The Unicorn



Cuarto Romance
The quest for the grial

CP violation in neutrino oscillations



Neutrino mixing

ν1
ν2

ν3

ν1
ν2

ν3θ23 (atmospheric) = 450 , θ12 (solar) = 300 , θ13 (Chooz) < 130

Unknown or poorly known 
even after approved program:
θ13 ,          phase δ ,    sign of ∆m13

2

OR? 

∆m2
23= 3 10-3eV2

∆m2
12= 3 10-5 - 1.5 10-4   eV2

∆m2
12= 3 10-5 - 1.5 10-4   eV2

∆m2
23= 3 10-3eV2



ilil U νν ∑=If neutrinos have mass:

Present and Future

For three neutrinos:
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Solar,Reactor Atmospheric CP Violating Phase Reactor, Accel. Majorana Phases

Maki-Nakagawa-Sakata-Pontecorvo matrix

Future Future Future

(Double β Decay)











Cuarta Laguna
The Road to Lothlorien

Super Beams
Beta Beams
Neutrino Factories



JHF Super Beam



The SPL Super-Beam

•Low energy beams (~ 250 MeV)

•4 (8, 10… 20?) MW

•Base line : CERN to 
FREJUS

•Megaton water detector

•O(10) years?



Beta Beam
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Megaton Water Detector

22.5kt (50kt)

Example: Hyper-K
1,000 kt

Super-K



Control of backgrounds (SPL)

Oscillated beam

Beam Contamination

NC π0

Cut (45 MeV)



Beta Beam
E-like Bkgd Mu-like Signal



Neutrino Factory
• Very high 
intensity: 
1021 ν/yr
• Muon energy
30-50 GeV
• Two beams
• 3000 Km 
1000 (7000) km
• 15 years from
now? (neutrino 
business = 
paticence)



« Golden » signature : 
wrong sign muons

Very massive calorimeter (50-100 
kton)

Good identification of muon 
charge



Signal and backgrounds



Signal & background vs Eν

3000 km

signal

decay in flight
and

punch-through

charm

732 km

τ+



Ultimo Romance
Degeneracies and the way to solve them 

Degeneracies
Combining base lines
Combining facilities
Combining golden and silver channels
Combine it all!



Oscillation Probability



Oscillation Probability





Degeneracies



Solving intrinsic degeneracy combining two 
facilities

Combination 
of SB + NF

SB alone

Intrinsic degeneracy



Solving  sign Degeneracy 
combining two facilities

Nufact CombinationSuper Beam



Solving  θ23 Degeneracy combining two 
facilities

Super Beam NuFact Combination



The silver channel at the 
Neutrino Factory





Golden vs silver events







Ultima Laguna. The
unicorn

Oh this beast is the one that never was.

They didn’t know that; unconcerned, they had

Loved its grace, its walk, and how it stood

Looking at them, calmly, with clear eyes.

It hadn’t been. But from their love, a pure beast arose.

It raised its head and hardly needed to exist.

They fed it, not with any grain,

But always just with the thought that

It might be

Rainer Maria Rilke, The sonnets to Orpheus
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