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Super Kamiokande
Sees νµ−>ντ?

Electron ν

Muon ν
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What we are looking for

Assume ∆m2
23 and θ23 are well measured

• Measure sin2θ13 to ~ 0.001
• See νe<->ντ

• Measure sign of ∆M2

• Measure CP violation?

• All of these need a measurement of  
νe<->νX

• A complete check of 3-flavor requires
� νe<->νe νµ<->νe

� νe <-> νµ νµ <-> νµ and anti-particles

� νe <-> ντ νµ <-> ντ
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Why not use conventional 
beam

• Conventional beam is 
great for measuring 
νµ related 
parameters to ~1%.  

• Limitations are 
electron detection in 
hadron showers 

limits νµ->νe
• To go beyond 1% on 

νµ<−>νe or get mass 
effects and CP 
violation, need:
– long baseline, 
– higher energy, 
– way to see νµ<−>νe

transitions with 
better accuracy.
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Liquid Argon with drift 
readout

νe event



5/1/00 12

The Neutrino Source

Parameters for the Muon Storage Ring
Energy GeV 50
decay ratio % >40
Designed for inv. Emittance m*rad 0.0032
Cooling designed for inv. Emitt. m*rad 0.0016
β in straight m 160
Nµ/pulse 1012 6
typical decay angle of µ  = 1/γ mrad 2.0
Beam angle (√ε/βο) = (√ε γ) mrad 0.2
Lifetime  c*γ∗τ m 3x105

 γ = (1−α2)/β
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Footprint for a 50 GeV Neutrino 
Source
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Target and production

1MW 16 GeV proton source
15Hz  to get 6 1020 stored muons/year
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Why bother with muon
decay?

• Goal is maximum neutrino/proton
– Decay pions/kaons at low energy
– More decay in decay volume 
(~3% at FNAL high energy ν beam)
– Then accelerate 
– 40% of muons decay in the right 

direction
• Very well understood source

– Only one decay process
– Parent particles ~ monochromatic
– Around long enough to monitor

See νe -> νµ in the νe ~> νµ −> µ−+X 
channel ‘Wrong sign muons’

νµ ~> νµ −> µ++X is the conventional 
muon source 
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νe -> νe

νe -> νµ
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Detectors 
`Protons are cheaper than muons’

• Tau detection
– Emulsion/msgc ~ 1-20 kTons
– Tau id, electron id

• Liquid argon drift
– 10-20 kTons 
– Electron id!

• Magnetized Iron Scintillator
– 20-100 kTons
– Good muon id!

• Water Cerenkov with magnet tail
– 50-500 kTons
– Electron id, limited muon charge
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What determines the 
machine energy?

• We’re interested in νe->νµ

• Need to tag wrong sign muons with very 
low backgrounds 

• there are also anti- νµ in the beam
• Wrong sign muons from

– Hadron decay
– Charm decay
– Non-interacting hadrons
– Charge confusion 

• How do you tell a 2 GeV pion from a 2 
GeV muon at the 0.01% level?
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Can measure sin22θ13 to 0.005 with 2 x10 20 µ
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Charged current event rates at near detectorsCharged current event rates at near detectors
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At 50 GeV, 7.9M events/gr/cm2/year
But only 22% are within 20 cm radius
(82% pass loose kinematic cuts) 

NuTeV

1000 times current experiments!
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Detector like NOMAD

10 kg targets in front of tracking/calorimetry
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Conclusions

• Machine energies were considered.
• Baselines of ~3000-7000 are very 

interesting
• Large detectors are needed
• Intensities > 1019/year open allow

– very accurate measure of ∆m2
23 and θ23

– Measure sin2θ13  and sign of ∆m2
23

• May be sensitive to CP violation at 
very high intensities

Near detector physics factor of 1000 
better than present or foreseen expts.
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Steel-Scintillator

50 kT version of MINOS
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The Heart of the Cooling Channel for a 
Neutrino Factory

Bz ~ 5 T max
Eacc ~ 15 MV/m @ 200 MHz

Need to reduce transverse beam by
a factor of 10.
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Neutrino Factories
from muon beams

• What they are
• How you make them (Norbert Holtkamp)
• Why you want them
• Some experimental details
• Prospects


