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MiniBooNE Anomaly 

● Electron-like excess? (eLEE) 
○ New physics? Sterile neutrino oscillations?

● Photon-like excess? (gLEE)     
○ SM process, unconstrained by MiniBooNE

MiniBooNE: Cherenkov detector unable to 
distinguish between electrons and photons

MicroBooNE's Search for Anomalous 
Single-Photon Production, Lee Hagaman 

https://indico.cern.ch/event/1216905/contributions/5449900/
https://indico.cern.ch/event/1216905/contributions/5449900/
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Understanding  Neutrinos from LArTPCs Lens  

Liquid Argon R&D

MiniBooNE Excess Neutrino-Ar 
cross section

Wide Range of New 
Physics Searches

Data taking 2015 - 2021
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Neutrinos Towards MicroBooNE 
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Neutrinos Towards MicroBooNE 

468.5 m, On-axis, 0.8 GeV (E𝛎), < 1% 𝛎e 

680 m, 8° Off-axis, 0.65 GeV (E𝛎), 5% 𝛎e 
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Neutrinos Towards MicroBooNE 
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𝛎

muon candidateproton candidate

e/𝞬 showers

LArTPC - a detailed look into the world of neutrinos
 A Fully Active Tracking Calorimeter
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MicroBooNE’s Quest : eLEE Search 
Measure electron neutrinos:   𝛎e + n → e + Xp + X𝜋

Match MiniBooNE Signal
Dominant interaction at low 
energies

Largest statistics and 
sensitivity 

Pionless
1e0p0𝜋 + 1eNp0𝜋

CCQE
1e1p0𝜋

Inclusive electron 
neutrino 
1eXpX𝜋
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Phys. Rev. Lett. 128, 241801

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
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MicroBooNE’s Quest : eLEE Search 
Measure electron neutrinos:   𝛎e + n → e + Xp + X𝜋

Pionless
1e0p0𝜋 + 1eNp0𝜋

CCQE
1e1p0𝜋

Inclusive electron 
neutrino 
1eXpX𝜋

No excess observed in data!

Phys. Rev. Lett. 128, 241801

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
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MicroBooNE’s Quest : eLEE Search Phys. Rev. Lett. 128, 241801

PhysRevD.105.112005

● Rejects electrons as LEE explanation at > 97% CL and 
>3σ in the inclusive channel

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.112005
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MicroBooNE’s Quest : Sterile Neutrinos Phys. Rev. Lett. 128, 241801

PhysRevD.105.112005

● Rejects electrons as LEE explanation at > 97% CL and 
>3σ in the inclusive channel

Reinterpret eLEE results to test 3+1 oscillation 
model

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.112005
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Understanding Neutrinos -  Puzzles | Physics | Path Forward
(From LArTPCs Lens) Sterile neutrinos 

(3+1 Oscillation) 

Test new 
signatures/models 

Short baseline 
anomalies 
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3+1 Oscillation Analysis  PhysRevLett.130.011801

● eLEE results re-interpreted under sterile neutrino 
oscillation hypothesis

○ Strategy: combination of short-baseline 𝜈e 
appearance, 𝜈e disappearance, and 𝜈𝝁disappearance

● considering full 3+1 oscillation, BNB Run1-3 data 
consistent with  3𝜈 hypothesis within 1σ (Feldman-Cousins 
approach)

● Set limits on sterile neutrinos

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801
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𝜈e disappearance 𝜈e appearance

Status Quo: 3+1 Oscillation Analysis  PhysRevLett.130.011801

competitive limit on the eV-scale 𝜈e disappearance, 
excludes parts of allowed regions from gallium 
experiments

Excludes part of the LSND allowed region 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801
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3+1 Oscillation Analysis  PhysRevLett.130.011801

● What : 

𝜈e disappearance can cancel appearance of 𝜈e events

degeneracy of oscillation parameters

● When : 

Sin2𝝷24 approaches beam intrinsic 𝜈e : 𝜈𝝁  ratio

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.011801
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Employ Both BNB & NuMI    

● Change 𝜈e : 𝜈𝝁  ratio in beam 
 

●  A different beam 

● Solution :

○ NuMI data will break 
this  degeneracy – 
analysis in progress!

MicroBooNE Public Note #1116 

https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf
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Status Quo: 3+1 Oscillation with BNB + NuMI  MicroBooNE Public Note #1116 𝜈e disappearance 𝜈e appearance

Competitive limit on the eV-scale 𝜈e disappearance, 
excludes parts of allowed regions from gallium experiments

Excludes part of the LSND allowed region 

BNB + NuMI 
Improved sensitivity: 𝜈e appearance-disappearance degeneracy mitigation

Expected to cover more of Neutrino-4 and gallium anomaly 2σ allowed region and LSND 90% CL allowed 
region

https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf
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Summary & Prospect : 

● Full 3+1 oscillation analyses to interpret the MicroBooNE eLEE results under a sterile 
neutrino oscillation hypothesis 

○ ~ 50% BNB dataset consistent with 3-flavor hypothesis 

● Several on going activities 

○ Full dataset LEE Analysis

○ Oscillation analysis with BNB & NuMI data underway

● Further investigation on MiniBooNE excess, BSM searches

Stay Tuned!   
MicroBooNE Pushing Boundaries!   
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More on MicroBooNE : ● MicroBooNE's Search for 
Anomalous Single-Photon 
Production, Lee Hagaman
 

● Status of MicroBooNE Avinay 
Bhat

● Tantalizing cross section 
results:
 

● The MicroBooNE cross section 
program, with a special focus 
on the TKI analysis Afroditi 
Papadopoulou

● First measurement of 𝜂 
production in neutrino 
interactions on argon with 
the MicroBooNE experiment 
David Caratelli
  

https://indico.cern.ch/event/1216905/contributions/5449900/
https://indico.cern.ch/event/1216905/contributions/5449900/
https://indico.cern.ch/event/1216905/contributions/5449900/
https://indico.cern.ch/event/1216905/contributions/5530312/
https://indico.cern.ch/event/1216905/contributions/5447718/
https://indico.cern.ch/event/1216905/contributions/5447718/
https://indico.cern.ch/event/1216905/contributions/5447718/
https://indico.cern.ch/event/1216905/contributions/5447745/
https://indico.cern.ch/event/1216905/contributions/5447745/
https://indico.cern.ch/event/1216905/contributions/5447745/
https://indico.cern.ch/event/1216905/contributions/5447745/
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Thank you!   
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Reactor Anomaly (?) 
STEREO neutrino spectrum of 235U fission rejects sterile neutrino hypothesis

Latest result from STEREO experiment, January 11th, 2023

https://www.nature.com/articles/s41586-022-05568-2
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MicroBooNE Public Note

https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1043-PUB.pdf
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