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Current status - 3 neutrino generations
2 mass differences + 3 mixing angles
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atmospheric:

atmospheric:



An elephant in the room

Excess of νe: 87.9 ± 22.4 ± 6.0 (3.8𝜎)
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Theoretical model: Neutrino Oscillations
Weak eigenstates of neutrinos are a 
combination of mass eigenstates

Two neutrino vacuum approximation:

Appearance probability
E and L fixed experimentally

2 parameters: mass difference 
Δm2, mixing angle θ
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The experiment: MiniBooNE

● 8 GeV proton beam from Booster strikes a beryllium 
target inside a magnetic focusing horn

● Beam of charged mesons generated, decay into 
neutrino beam

● Same L/E region as LSND

● Changes in the polarity of the horn to select neutrino or anti-neutrino beam
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MiniBooNE Detector

● 541m downstream of target
● 12m diameter sphere (fiducial volume 10m)
● Filled with 800t of pure mineral oil (CH2)

(Fiducial volume: 450t)
● 1280 inner photo-multiplier tubes
● 240 veto photo-multiplier tubes

7



Neutrino interactions in the detector

𝜈e + n ⇾ p+ e-● Quasi-elastic CC
𝜈μ + n ⇾ p + μ-
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Neutrino interactions in the detector

𝜈e + n ⇾ p+ e-● Quasi-elastic CC

𝜈μ + p ⇾ Δ+ + 𝜈μ ⇾ p + 𝜈μ+ π0

       n    Δ0           n  
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𝜈μ + n ⇾ p + μ-
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Neutrino interactions in the detector

𝜈e + n ⇾ p+ e-● Quasi-elastic CC

Pion production 
(Neutral current)

𝜈μ + p ⇾ Δ+ + 𝜈μ ⇾ p + 𝜈μ+ π0

       n    Δ0           n  

𝜈μ + A ⇾ A + 𝜈μ + π0

● Resonant

● Coherent

● CC DIS (𝜈 from 
kaons)

𝜈e + n ⇾ e- + hadrons

𝜈μ + n ⇾ p + μ-

𝜈μ + n ⇾ μ- + hadrons

SIGNAL
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Event Signatures: particle ID
𝜈e + n ⇾ p + e-

𝜈μ + n ⇾ p + μ-

𝜈μ + p ⇾ p + 𝜈μ + π0

       n      n 

● Cherenkov light:

●  (Isotropic) Scintillating light: NC elastic scattering - no Черенков radiation
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Event display of νe event



Results

misID

intrinsic
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Excess of νe: (4.8𝜎)



Results
● νe excess wrt background (νe appearance) agrees with LSND

● Probability of background-only hypothesis: 0.21%

● Fit including two neutrino oscillation model has a probability of 21.1%

○ Best fit parameter values
Δm²=0.041 ev²
sin²2θ=0.92

●
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(significance from LSND)² + (significance from MiniBooNE)² = (given result)²

(3.8)² + (4.8)² = (6.1)²
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Thanks!
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Background
All backgrounds are internally constrained: 

              intrinsic (beam νe ) = flat                                                            
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Background
All backgrounds are internally constrained: 

                                                                 misID (gamma) = accumulate at low E

20



The controversy

- The total significance is done by suspicious 
ways.

- Many members of the LSND collaboration are 
in the MiniBooNE collab. Possibility of hidden 
bias?

- Accusations of a poor estimation of neutral 
pions background. (also done for LSND)

- In the Neutrino Conference 2018 (June 4-9) 
MINOS and MINOS+ discarded the observed 
signal.
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Backgrounds
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Backgrounds
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Backgrounds
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MiniBooNE and SciBooNE
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Conclusions
MiniBooNE has observed: (with energies within 200 and 1250 MeV)

- In neutrino mode: 1959 events, from a total of 1577 events. This give us a quantity of 381 events, 
this would be 4.8 σ.

- In antineutrino mode: 2437 events, from a total of 1976 events. This give us a quantity of 460 
events, this would be 4.5 σ.

After this, together with the LSND results:

(significance from LSND)² + (significance from MiniBooNE)² = (given result)²

(3.8)² + (4.8)² = (6.1)²

Although the data are fit with a two-neutrino oscillation model, other exotic models may provide 
better fits to the data. e.g.: sterile neutrinos. 
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