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eV-scale neutrinos?
Beyond Three-Neutrino Mixing
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ie. “sterile”
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LSND “Evidence”
LSND

[LSND, PRL 75 (1995) 2650; PRC 54 (1996) 2685; PRL 77 (1996) 3082; PRD 64 (2001) 112007]
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L ~ 30 m, 20 MeV < E < 200 MeV

Anti-neutrino mode

90s
3Tuesday, 3 April 12



Then MiniBooNe 
refutes LSND... sort of.

MiniBooNE Neutrinos
[PRL 98 (2007) 231801; PRL 102 (2009) 101802]
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[MiniBooNE, PRL 102 (2009) 101802, arXiv:0812.2243]
[Djurcic, arXiv:0901.1648]

Low-Energy Anomaly!
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Neutrino mode

Different excess?!
??????!!!!

L ~ 541 m, 475 MeV < E < 3 GeV 00s
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MiniBooNe refutes 
LSND... sort of.
MiniBooNE Neutrinos

[PRL 98 (2007) 231801; PRL 102 (2009) 101802]

e L 541m 475MeV E ! 3GeV
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Low-Energy Anomaly!
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Anti-Neutrino mode

Agrees with LSND? 

??????!!!!

L ~ 541 m, 475 MeV < E < 3 GeV 

MiniBooNE Antineutrinos
[PRL 103 (2009) 111801; PRL 105 (2010) 181801]
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Agreement with LSND ¯ ē signal!

Similar L E but different L and E = Oscillations!
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Anomalies galore

• Reactor neutrino anomaly

• Gallium anomaly

• ...
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Facts of the case

1. Nobody knows if LSND is correct.

2. Nobody knows what MiniBooNe is seeing

3. Having 4 (or more) neutrinos changes things

4. Regardless of what you think about previous 
experiments, an experiment could resolve 
this
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Facts of the case

1. Nobody knows if LSND is correct.

2. Nobody knows what MiniBooNe is seeing

3. Having 4 (or more) neutrinos changes things

4. Regardless of what you think about previous 
experiments, an experiment could resolve 
this

Q: What third experiment could you build to 
ensure you don’t have to build a fourth?
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Making a neutrino beam

6
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Making a neutrino beam

6

νµ

νe
There’s another way!
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Muon final state!  CPT invariant channel and muons 
easier to measure than electrons. 
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Already Proposed

Technology existed then, 
certainly exists now...

Telemark 1980

http://www.slac.stanford.edu/econf/C801002/

Also papers by Wolfenstein, Wu, Davis, Nakagawa, Bahcall, Cleveland. Great historical reads!
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Facility

• 2 GeV FFAG ring

• Fed from 60 GeV Main Injector

• 100 kW target station -> 2e18 muons

• 800 m to 1 kt Iron sampling calorimeter 
(think MINOS near detector)

• Saturate the steel.  SCTL from VLHC work.
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3+1 BF Event Rates

Appearance channels

Solid: Signal
Dashed: Bkg

Signal X ε = 160 evts
Bkg           = 14
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CPT(LSND) Channel
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Accelerator v.s. 
Detector
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Have drawings...

Akira Sato
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Have drawings...

Akira Sato

LOI in progress
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Conclusions

• Something weird is happening around mass 
splitting of an eV^2

• Shown was a way one could solve the 
puzzle: no new technology

• Catch me in coffee to learn more
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