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eV-Scale Sterile Neutrinos

MiniBooNE observed a significant excess (4.8σ) of
electron-neutrino-like events.

Not explained by conventional SM interactions or known backgrounds.

Simplest interpretation: eV-scale sterile neutrinos driving
short-baseline oscillations (νµ → νe).

Connected to earlier LSND anomaly.

Global fits show tension, but direct tests (like MicroBooNE) are
crucial.
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Short-Baseline Oscillations (3+1)

Appearance probability: P(νµ → νe) = sin2(2θµe) sin2
(

∆m2
41L

4E

)
,

where sin2(2θµe) ≡ 4|Ue4|2|Uµ4|2.

Disappearance probability:

P(νe → νe) = 1− 4|Ue4|2(1− |Ue4|2) sin2

(
∆m2

41L

4E

)

P(νµ → νµ) = 1− 4|Uµ4|2(1− |Uµ4|2) sin2

(
∆m2

41L

4E

)
Appearance always comes with disappearance at the same energy and
distance.
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The Appearance vs Disappearance Degeneracy

BNB has intrinsic νe component (∼ 0.5%).

This νe background is affected by νe → νe disappearance.

νµ control samples are affected by νµ → νµ disappearance.

This creates a degeneracy: νe disappearance can partially compensate
for νµ → νe appearance signals.
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BNB has intrinsic νe component (∼ 0.5%).
This νe background is affected by νe → νe disappearance.
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Pitfall of Profiling
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Event Rates at the Pitfall

Point A: large muon mixing, small electron mixing

Point B: large electron mixing, small muon mixing

Identical sin2(2θµe) could produce distinct event rates given different
combinations of |Ue4|2 and |Uµ4|2.
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External Constraints
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Compatibility with MiniBooNE

10−3 10−2 10−1

|Ue4|2
10−3

10−2

10−1

|U
µ

4
|2

∆m2
41 = 0.17 eV2

(1, 2, 3, 4)σ

MB

95% CL exclusion

µB

µB sens

SBN

10−3 10−2 10−1

|Ue4|2

∆m2
41 = 0.81 eV2

10−3 10−2 10−1

|Ue4|2

∆m2
41 = 6.22 eV2

10−3 10−2 10−1

|Ue4|2

∆m2
41 = 49.95 eV2

MicroBooNE excludes MiniBooNE’s entire 2σ region at more than
95% confidence level.

SBN is capable of excluding the 3σ region at more than 3σ level.
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Conclusions

Appearance experiments suffer from degeneracies.

Two methods resolve the appearance/disappearance degeneracy:

Including external νe disappearance data.
Analyzing the full 3D parameter space (|Ue4|2, |Uµ4|2,∆m2

41) without
profiling.

Current data already excludes the 2σ region at > 2σ CL in the full
space.

Future SBN program will provide a robust test and significantly
improve sensitivity,

Recommend publishing full multi-dimensional likelihoods for future
comparisons.
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Back-up: Mutual Compatibility Measure
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Back-up: Slices of the 3D space
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Back-up: SBN comparison
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Back-up: App Only vs. Full Osc Fit
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