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PhysRevD. 104. 032003 (2021)PhysRevC. 105. 065502 (2022)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.64.112007
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.104.032003
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.065502
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Excess of 
4.8𝝈 at 𝓞
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Phys. Rev. D 103, 
052002 (2021)

Excess of 4.8𝝈 
in single EM 
shower events 
consistent with 
𝝂e CCQE
at 𝓞(100) MeV

MiniBooNE

540 m

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.052002
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.052002
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http://dx.doi.org/10.1103/PhysRevD.99.092001
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Cherenkov vs LAr TPC
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Cherenkov vs LAr TPC

dE/dx discrimination
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MicroBooNE Mission

Goals:
★ Investigate 

MiniBooNE excess
★ Develop LAr TPC 

technology
★ Measure 𝝂-Argon 

cross sections

Results shown today
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Investigation of MiniBooNE Excess

Photon Channels

1eNp0𝜋1e0p0𝜋 1eXpX𝜋1e1p0𝜋

Electron Channels

where N > 1 and X ≥ 0
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Investigation of Photon Excess

❖ One single photon search for 
NC 𝚫 → N𝛄 (1𝛄0p, 1𝛄1p)

❖ Rules out photons from NC 𝚫 
→ N𝛄 as the cause of the low 
energy excess at 94.8% C.L

NC 𝚫 → N𝛄 

Phys. Rev. Lett. 128, 111801 (2022)

https://link.aps.org/doi/10.1103/PhysRevLett.128.111801
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Investigation of MiniBooNE Excess

Photon Channels

1eNp0𝜋1e0p0𝜋 1eXpX𝜋1e1p0𝜋

Electron Channels

𝝂e + Ar → e + Xp + X𝜋

where N > 1 and X ≥ 0
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1eNp0𝜋1e0p0𝜋 1eXpX𝜋1e1p0𝜋

19

Investigation of Electron Excess PhysRevLett. 128. 
241801 (2022)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
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1eNp0𝜋1e0p0𝜋

21

Investigation of Electron Excess PhysRevLett. 128. 
241801 (2022)

PhysRevLett. 128. 
241801 (2022)

1eXpX𝜋1e1p0𝜋

❖ No significant excess observed
❖ Consistent with nominal 𝝂e model

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
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PhysRevLett. 128. 
241801 (2022)

22

Investigation of Electron Excess PhysRevLett. 128. 
241801 (2022)

❖ No significant excess observed
❖ Consistent with nominal 𝝂e model
❖ Sterile search: more than just a low 

energy excess

Take 
inclusive 
selection 
to study 
full 3+1 
oscillation 
hypothesis 

1eNp0𝜋1e0p0𝜋

1eXpX𝜋1e1p0𝜋

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
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3+1 eV Sterile Neutrino Search

PhysRevLett.130.011801

❖ Re-interpret inclusive sample with 
oscillation hypothesis

❖ Consider combination of short-baseline 
𝜈e appearance, 𝜈e disappearance, and 𝜈𝝁 
disappearance effects

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.011801
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3+1 eV Sterile Neutrino Search

PhysRevLett.130.011801

→ Best fit 4𝜈 consistent with 3𝜈 (null 
hypothesis) oscillation expectation at 
<1𝝈, so we set limits

❖ Re-interpret inclusive sample with 
oscillation hypothesis

❖ Consider combination of short-baseline 
𝜈e appearance, 𝜈e disappearance, and 𝜈𝝁 
disappearance effects

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.011801
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3+1 eV Sterile Neutrino Search
𝝂e → 𝝂e 𝝂𝜇 → 𝝂e

❖ No evidence seen for 3+1 eV sterile neutrino oscillations
➢ 𝝂e → 𝝂e --  Competitive limit set with first 𝝂-Ar scattering
➢ 𝝂𝜇 → 𝝂e --  Excludes part of LSND region

PhysRevLett.130.011801

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.011801
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Dealing with Degeneracy

What degeneracy? 𝝂e 
disappearance can 
cancel 𝝂e appearance



Sterile Neutrino Searches for MicroBooNE Experiment - J. Micallef TAUP2023 27

BNB

flu
x

Dealing with Degeneracy
MicroBooNE PreliminaryWhat degeneracy? 𝝂e 

disappearance can 
cancel 𝝂e appearance
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Breaking Degeneracy: Addition of NuMI
BNB MicroBooNE Preliminary

flu
x

What degeneracy? 𝝂e 
disappearance can 
cancel 𝝂e appearance
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Breaking Degeneracy: Addition of NuMI
BNB

NuMI

MicroBooNE Preliminary

MicroBooNE Preliminary

flu
x

flu
x

What degeneracy? 𝝂e 
disappearance can 
cancel 𝝂e appearance
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Impact of Adding NuMI on 3+1 Sensitivity

𝝂e → 𝝂e

❖ Expect improved sensitivity (magenta dotted line)
❖ Resolves the 𝝂e disappearance/appearance degeneracy 

𝝂𝜇 → 𝝂e
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Summary
→ No excess 
measured yet 
in e- or 𝜸 for 
MicroBooNE
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Summary
→ No excess 
measured yet 
in e- or 𝜸 for 
MicroBooNE

𝝂e → 𝝂e 𝝂𝜇 → 𝝂e

→No evidence for 3+1 eV sterile 
neutrino oscillations
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→ Adding off-axis NuMI data improves 
sensitivity for 3+1 oscillation constraints

33

Summary
→ No excess 
measured yet 
in e- or 𝜸 for 
MicroBooNE
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→No evidence for 3+1 eV sterile 
neutrino oscillations

𝝂𝜇 → 𝝂e
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→ Adding off-axis NuMI data improves 
sensitivity for 3+1 oscillation constraints

34

Summary
→ No excess 
measured yet 
in e- or 𝜸 for 
MicroBooNE

𝝂e → 𝝂e 𝝂𝜇 → 𝝂e

→No evidence for 3+1 eV sterile 
neutrino oscillations

𝝂𝜇 → 𝝂e

Analysis 
with 
more 
data 
soon!

Results shown today



Sterile Neutrino Searches for MicroBooNE Experiment - J. Micallef TAUP2023 35

Thank you!
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Backup



Sterile Neutrino Searches for MicroBooNE Experiment - J. Micallef TAUP2023 37

Liquid Argon TPC
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Investigation of Photon Excess

❖ One single photon 
search for NC 𝚫 → N𝛄 
(1𝛄0p, 1𝛄1p)

❖ Rules out photons from 
NC 𝚫 → N𝛄 as the 
cause of the low energy 
excess at 94.8% C.L

PhysRevLett. 128. 111801 (2022)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.111801
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Investigation of MiniBooNE Excess

Electron Channels Photon Channels

𝝂e + Ar → e + Xp + X𝜋

Dominant 
interaction at 
low energies

Matching 
MiniBooNE 
analyses 

Inclusive, 
largest 

statistics 

1eNp0𝜋1e0p0𝜋 1eXpX𝜋1e1p0𝜋
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Investigation of Electron Excess PhysRevLett. 128. 
241801 (2022)

❖ No excess observed
❖ Consistent with nominal 𝝂e model

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
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Two Flavor Sterile Neutrino Search

PhysRevLett.130.011801

❖ Consider two flavor 𝝂𝜇 → 𝝂e

➢ 𝝂e appearance only (blue 
dashed line)  

❖ Rules out LSND allowed region

❖ Not considering the intrinsic 𝝂e 
present in the BNB beam

➢ This is where the full 3+1 
analysis comes in

➢ This is also where 
degeneracy impacts

𝝂𝜇 → 𝝂e

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.011801

