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Standard Oscillation Physics
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Standard 3-flavor oscillation physics

Governed by 𝛥𝑚21
2 and  𝛥𝑚32

2

Current generation of experiments (NOvA, T2K)

Tuned L/E for 𝛥𝑚32
2

Sensitive to δCP, θ23, and sign of 𝛥𝑚32
2

Narrow band beam

What about new physics?
MINOS/MINOS+ can explore higher energy
neutrino phenomena that can affect 
νμ disappearance and νe appearance 
outside the 𝛥𝑚32

2 oscillation maximum 

NOvA

T2K
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What can be out there … 
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Sterile neutrinos

𝑈 =

𝑈𝑒1 𝑈𝑒2

𝑈μ1 𝑈μ2

𝑈𝑒3 𝑈𝑒4

𝑈μ3 𝑈μ4

𝑈τ1 𝑈τ2

𝑈𝑠1 𝑈𝑠2

𝑈τ3 𝑈τ4

𝑈𝑠3 𝑈𝑠4

4th mass state

Oscillation at different Δm2

νμ → νs

Anomalous disappearance of CC events

Anomalous disappearance of NC events

νμ → νe

Anomalous νe appearance (LSND like)

Parameterized into angles
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Large Extra Dimensions
KK modes of right handed neutrino states allow for extra oscillations

Anomalous disappearance of CC events

Anomalous disappearance of NC events

Depends on size of LED and mass of active neutrinos

What can be out there … 
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Nonstandard Neutrino Interactions

Some new interaction between neutrinos and matter

Neutrinos interact with matter as travel through Earth
Anomalous matter effect

What can be out there … 



Data Set
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Event Topologies
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Sterile Neutrino Search
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Assume 3+1 model 
Look for deficit in νμ CC and NC
Oscillation can occur in ND

Depends on Δm2

Fit Far/Near ratio
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𝑃 νμ → νμ ≈ 1 − sin 2 2𝜃23 cos2 2𝜃24 sin 2 ∆31 − sin 2 2𝜃24 sin 2 ∆41

Sterile Neutrino Search

Use full 4-flavor probability and NC and CC samples

Tightest experimental limits at low Δm2
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Sterile Neutrino Search

Exclude much of LSND allowed parameter space

Combine with θ14 constraints from Bugey ( ν̅̅̅̅e disappearance )

Future results will use Daya Bay constraints
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Large Extra Dimensions

Take previous 3+1 sterile analysis and fit data using LED hypothesis
Assume 1 extra dimension is much larger than others



Nonstandard Interactions
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Look for indication of nonstandard neutrino interactions in νe appearance data

Data consistent with no NSI



The Near Future
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MINOS+ data will be used to place further constraints on NSI



The Near Future
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MINOS+ data will be used to place further constraints on sterile ν

Disappearance channels Appearance channel


