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What is MicroBooNE?

» Part of the Fermilab Short-Baseline Neutrino (SBN) program
« 85-tonne Liquid Argon Time Projection Chamber (LArTPC) which ran 2015 - 2021
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MicroBooNE LAIrTPC
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* Fine-grained wire readouts record ionisation charge
« PMTs collect scintillation Iight From Fermilab MicroBooNE Galleries
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https://vms.fnal.gov/asset/detail?recid=1964847
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What is MicroBooNE looking for?
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v" MiniBooNE (2002-2019) measured v,, - v, & v,, - V, appearance

v" It observed an excess of v, and v, -like events at low energy
with 4.80 significance: Low Energy Excess (LEE)

v’ Similar anomaly observed by LSND (1993-1998) from v, — v,

v As a mineral oil Cherenkov detector, it was unable to distinguish
photons and electrons

Overlapping Cherenkov rings

\from y > ete” /



https://journals.aps.org/prd/pdf/10.1103/PhysRevD.103.052002

We can separate e/y with LArTPC!

MicroBooNE can distinguish e/y by shower conversion distance and energy loss (dE/dx).

nBooNE

Photon signal

1 Photon
PG

! % Candidates
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NC =° + 1 proton candidate data
eventRun 15318 Subrun 159 Event 7958

If the excess is
it could come from mismodeled background

processes or BSM physics producing photons.
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CCv_ +1 proton candidate data event
Run 8617 Subrun 46 Event 2328

If the excess is

it could be an oscillation involving additional
neutrinos or other exciting exotic physics.



MicroBooNE’s Low Energy Excess Search

MicroBooNE investigated the MiniBooNE
LEE using two interpretations. 3 different reconstruction frameworks:

e 1lelpO0m search with Deep Learning
PhysRevD.105.112003 (2022) Ve

Photon Search

e 1yOp, 1ylp search:
targeting NC A - Ny hypothesis
PhysRevl ett.128.111801 (2022)

e 1e0pOm, 1eNpOn search with Pandora
PhysRevD.105.112004 (2022)

e 1leX search with Wire-Cell
PhysRevD.105.112005 (2022)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.112003
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.112004
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.112005
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.111801

Results of Low Energy Excess Search

Photon Search

PhysRevl ett.128.111801 (2022) 1y0p search PhysRevl ett.128.241801 (2022)
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v' Observed v, candidates are statistically
consistent with no LEE v, rate expectations.

Unconstrained

v Disfavor enhanced NC A — Ny rate prediction
derived from MiniBooNE.

No evidence of excessive v, or NC A radiative decay to explain the MiniBooNE excess.
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.241801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.111801

Sterile Neutrino Search

 MicroBooNE searched for
v, appearance oscillations caused by sterile

: ” :
Fully contained v,CC J: : ] neutrinos as source of the LEE
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.130.011801

Cross Section Physics

v' Understanding v interactions on Ar is crucial in reducing systematic uncertainties and improving
background models for LArTPC experiments

v" MicroBooNE enables high-statistics v — Ar cross-section measurements with BNB and NuMI

Inclusive cross sections: Exclusive cross sections: Rare process cross sections:
v,CC cross sections with BNB v, differential cross section with BNB A hyperon production with NuMI
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.151801
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.L051102
https://arxiv.org/pdf/2212.07888.pdf

Future Prospects

» First searches of the LEE found no evidence for excessive v, or photons from NC A radiative
decay to explain the MiniBooNE/LSND excess

« A multitude of further investigations are ongoing: V> e @
v Expanded scope of sterile neutrino oscillations | ,

v Extended photon-like event searches &

exotic et e~ pair search from BSM particles/processes Overlapping e*e"~
— See Leon Tong’s talk! — S ,

* Full dataset results are expected soon,

which will approximately double the statistics Asymmetric e*e”

Credit: Matt Toups
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Summary

v MicroBooNE is a LArTPC detector based at Fermilab
and has completed its 5 years physics run.

v It has a wealth of different physics projects, too much
to introduce in 10 minutes!

v Various techniques and tools have been developed to
perform precision physics analyses in LArTPCs.

v MicroBooNE laid the groundwork for the other SBN
LArTPC detectors and the future DUNE experiment.
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Data taking from BNB and NuMI

Since turning on in 2015, MicroBooNE has amassed the largest BNB neutrino flux g, :
sample of neutrino interactions on argon in the world SNOLNG U Credlt' Hanyu Wei
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Photon-like LEE Search

NC A Ny [EINC® Resonant A(1232) PhysRevlLett.128.111801 (2022)
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This analysis uses boosted decision
trees (BDT)’s to target the key
backgrounds to the NC A—Ny signal.

25 Cm MicroBooNE Data, Run 5462 Subrun 14 Event 732
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.111801

Other BSM Models

X JHEP01(2019)001

« Dark Tridents: Beam produced dark matter
scatters and produces an e+e- trident.

 Dark Neutrino Portal:
Dark neutrinos decay to the dark gauge
boson, which in turn gives rise to electron-
like events.

target
_p.. K+ / e

» Decay of axion-like particles ; _
| decay | s
. pipe dirt ' detector

~50m L=500m D=10m | Target
PhysRevD.104.015030 (2021) PhysRevl ett.121.241801 (2021)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.015030
https://link.springer.com/article/10.1007/JHEP01(2019)001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.241801

MicroBooNE Next Steps

First series of results (1/2 the MicroBooNE data set)
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* Requires heavy sterile/other new patrticles also




More exploration of MiniBooNE excess

e Decay of O(keV) Sterile Neutrinos to active neutrinos
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