
WP3 
MicroBooNE Results

MidTerm Review Meeting, Dec 2, 2022

Melissa Uchida



Melissa Uchida 2

The MiniBooNE Low Energy Excess

Flux?

Mis-ID’d pi-zero 
background
(measured in-situ).

Mis-ID’d 
photon 
background?

Or real 
electron 
neutrino 
appearance?

MiniBooNE Electron-like selection has a lot of photon backgrounds.

Sees 4.5σ excess in neutrino mode, 4.7σ in antineutrino mode.

Event display: MiniBooNE collaboration
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The MicroBooNE LEE Analyses

We can characterise any LEE excess beyond simply whether it is 
electrons or photons but also in terms of particle content and 

kinematics (on both the leptonic and hadronic side).

Remaining agnostic to specific new-physics hypotheses.
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MicroBooNE’s First LEE Exploration      
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MicroBooNE LEE Exploration so far…   
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MicroBooNE’s Photon Analysis

● Uses two two-photon selections to constrain NCπ0 background.
● Signal samples are single photon.
● Physics modelled with GENIE v3.0.6→ Berger-Sehgal resonance model.
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1st Test of the LEE: Single-Photon Hypothesis

16 data 
events 

observed

153 data 
events 

observed

* Bckgrd is constrained via an in-situ high-purity measurement of NC π0 evts, poss. via dedicated 2γ1p & 2γ0p selections.
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Well then...

Disfavours the NCΔ→Nγ 
explanation of LEE at 94.8% 
confidence level.

Phys.Rev.Lett. 128 (2022) 11, 111801

50-fold improvement over prior 
limit on rate of this interaction.

https://arxiv.org/pdf/2110.00409.pdf
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● 3 distinct e-like LEE search analyses: 
● CCQE 1e1p.

● Pionless: 1eNp0π and 1e0p0π.

● 1eX.

● Start with high-statistics muon-like samples 
to make data-driven electron-like prediction.
– Heavily reduces uncertainties on                      

e-like spectrum.
● Excellent rejection of cosmic-ray and photon shower backgrounds.

● High-statistics auxiliary measurements of π0 and νµ CC events to produce data-
driven νe estimates with constrained uncertainties.

● Use unfolded MiniBooNE-like excess to test hypothesis→ Not a sterile model!

MicroBooNE’s Electron-Like Analysis       

PRD arXiv:2110.13978

PRD arXiv:2110.14080

PRD arXiv:2110.14065

1e1p 1e0p0π

1eNp0π

1eX

https://arxiv.org/abs/2110.13978
https://arxiv.org/abs/2110.14080
https://arxiv.org/abs/2110.14065


Melissa Uchida 10

MicroBooNE’s electron-like LEE Results         
All analyses observe νe event rates:

– agree with or are below the 
predicted rates from 3-flav ν osc,

– over full analysis energy range and 
– in the signal-enhanced low-energy 

region defined by each analysis 
prior to unblinding, 

– (with the exception of the 1e0p0π, 
which is background dominated).

Reject the hypothesis that simple 
charged current νe  fully explains 

the MiniBooNE excess at >97% CL 
in all analyses.

  eLEE PRL

https://arxiv.org/abs/2110.14054
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New Constraints on eV-Scale Sterile Neutrinos

● With this full 3+1 analysis, part of the LSND 
allowed region is excluded by the 
MicroBooNE 95% CL limit,

● Combining both data sets significantly 
improves sensitivity → Upcoming BNB + 
NuMI analysis will be sensitive to full LSND 
allowed regions.                                          
BNB R 𝜈e/𝜈μ: 0.005 & NuMI R 𝜈e/𝜈μ: 0.04

The inclusive CC 𝜈e results have 
subsequently been turned into a direct bound 
on eV scale sterile neutrinos.

As the inclusive CC 𝜈e selection utilises high 
statistics CC 𝜈μ events to help constrain 
systematics, a full 3+1 sterile neutrino fit 
must be performed in order to fully take into 
account all possible flavour transitions.

MICROBOONE-NOTE-1116-PUB

https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1116-PUB.pdf
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Neutrino Cross Sections
● νe CC inclusive (νe + Ar —> e + X), NuMI beam!

– ArXiv:2101.04228 (2021)

● CC Np (νμ + Ar —> μ + Np,0π):

– PRD 102, 112013 (2020)

● QE-like (νμ + Ar —> μ + p):

– PRL 125, 201803 (2020)

●  νμ CC inclusive (νμ + Ar —> μ + X):

– PRL 123, 131801 (2019)
● Charged track multiplicities:

– Eur. Phys. J. C79, 248 (2019)

● CC π0 (νμ + Ar —> μ + π 0 ):

– PRD 99, 091102R (2019)
● More coming inc.: kaon (NuMi and BNB), NC 

elastic, CC 2p, transverse kinematics, NC π0, 
CC/NC π0,      CC π+, CC coherent π+, and η 
production.

ArXiv:2101.04228 (2021)

PRD 102, 112013 (2020)
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MicroBooNE Next Steps
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MicroBooNE Next Steps
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Summary
● MicroBooNE has performed the first detailed study of the MiniBooNE excess.
● Photon-like:

– NCΔ→Nγ explanation of LEE disfavoured at 94.8% CL.
● Electron-like:

– Results consistent with nominal νe rate expectations from BNB → no excess of νe events observed.

– Simple νe CC as full explanation of MiniBooNE LEE disfavoured at >97% CL.
● 3+1 eV scale Sterile Neutrinos:

– The data are consistent with the 3ν hypothesis and provide no evidence for a sterile neutrino.
– Exclusion limits cover a large fraction of sterile ν parameter space allowed by results from other experiments.
– A combined BNB+NuMI oscillation analysis is planned to mitigate the degeneracy of oscillation parameters.

● The LEE is real→ so it is far more exciting than we thought!
● Stay tuned—more to come from MicroBooNE!

– Double the data statistics (all analyses reported here are still statistics-limited).
● Tests of additional LEE models:

– Improved analyses: different interpretations of MiniBooNE LEE with the same final states.
– Analyses targeting new final states topologies also well underway.
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Thank you!

Back-up Slides...
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Well then...

Disfavours the NCΔ→Nγ 
explanation of LEE at 94.8% 
confidence level.

Phys.Rev.Lett. 128 (2022) 11, 111801

50-fold improvement over prior 
limit on rate of this interaction.

https://arxiv.org/pdf/2110.00409.pdf
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Some tension:
● ~ 800 MeV in 

CCQE 1e1p 
selection, and

● ~ 150 MeV (& at 
forward angles) in 
1e0p0π selection 
(bckg. dom.).

● Deficit in 1eNp0π 
and 1e1p selections 
at ~400-800 MeV.

P
val

 = 0.116

P
val

 = 0.194

P
val

 = 0.848

P
val

 = 0.014

1e1p1e1p 1eNp0π

1e0p0π1eX

Electron-LEE Neutrino Energy       
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MicroBooNE Publications
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MicroBooNE Publications
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Short-Baseline Neutrino Experiment Anomalies

LSND
3.8σ excess

Definitive test of short baseline νe 
appearance requires new experiments 
and detector technology:

 → enter the MicroBooNE Liquid argon 
time projection chamber (LArTPC).

KARMEN
       No excess

   (1.6σ deficit)

Signal model not shown

Phys.Rev.D64:112007(2001)
Phys.Rev. D65 112001 (2002)

MiniBooNE
4.5σ excess

Phys. Rev. Lett. 121, 221801 (2018)

μ decay-at-rest

π decay-at-rest

π
 d
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ay

-in
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ig
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      MicroBooNE Blind Analysis         
● BNB νe data only accessed after:

– analyses were developed on simulated 
samples and 

– validated on sideband data samples + a 
small open subset of data in Runs 1 & 3.

● After the analyses were frozen and before 
unblinding, LEE analyses defined “far” and 
“near” νe sidebands,

– used to step progressively closer to LEE-
signal-model-enhanced low-energy region.

Results presented today are unchanged since data unblinding.
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Neutrino Interaction Modelling
● MicroBooNE drove the 

development of v3 
GENIE; 2 yr effort:

● MicroBooNE GENIE 
tune
– includes new nuclear 

models, new fits to 
global data,

– MicroBooNE public 
note #1074.

● We are the first to 
examine neutrino 
scattering in argon at 
these energies and with 
such high statistics.
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