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MicroBooNE

A surface-level, 170-ton LArTPC neutrino experiment.

Exposed to both the BNB and the NuMI beams at Fermilab.

Primarily designed to investigate the low energy excess (LEE)
anomaly observed by MiniBooNE.

Collected data from 2015 to 2020.

- World's largest dataset of v-Ar
Interactions.

A part of the Short-Baseline Short-Baseline Neutrino Program at Fermilab
Neutrino (SBN) program at Fermilab.
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Contributes crucial input towards
the construction of massive kiloton
scale LArTPC detectors for the ‘
future DUNE experiment.
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LEE Anomaly and MiniBooNE

* MiniBooNE observed a 4.8¢0 excess of v, candidate events at a low energy range.

- Neutrino energies ~ 200-800 MeV

- Forward-going shower angles

 Possible LEE explanations:

- Electron-like (eLEE) events

- Energy-dependent v,enhancements?
= QOscillation-driven excess

- Photon-like events
= NC A resonance decay?

= Other mis-modeled or
unknown processes”?

- BSM models

= Dark sector e+e- pairs?

Erin Yandel’s talk on Monday!
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Phys. Rev. D103, 052002 (2021)

* MiniBooNE, using an oll
Cherenkov detector,
cahnot differentiate

between electrons and

photons.
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https://link.aps.org/doi/10.1103/PhysRevD.103.052002
https://indico.fnal.gov/event/63406/contributions/297963/

LArTPC Detector

* MicroBooNE’s LArTPC is powerful in electron-photon separation.

- Millimeter spatial resolution and calorimetry.
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BNB and NuMI at MicroBooNE
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v/IPOT/GeV/cm?
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LEE Search: ve Analysis

Pionless v, LEE analysis:
* A generic v, selection without assuming underlying LEE physics

« Same topology as MiniBooNE:
- 1eNpOm and 1e0Op0Orx

* An update based on the earlier analysis Phys. Rev. D 105,
112004 (2022)

- Other related MicroBooNE v, LEE search analyses:

BNB Data Run 20248 Subrun 210 Event 10515

= Multiple final-state topologies Phys. Rev. Lett. 128, 241801 (2022)

= Inclusive CC v, Phys. Rev. D105, 112005 (2022)

- Inclusive CCQE v, Phys. Rev. D105, 112003 (2022)

* First analysis using data from all five runs of MicroBooNE
(2015-2020)

- 6.8%x 102 = 11.1 x 102 POT of BNB data

BNB Data Run 22298 Subrun 74 Event 3723
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LEE Search: v. Sidebands —— mmucr 3
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LEE Search: ve Signal Models

Smearing Matrix
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e Signal Model 1 (details in MICROBOONE-NOTE-1043-PUB):

- The same v,-like LEE model was tested in the earlier analysis.

- Unfold the MiniIBooNE excess in reconstructed neutrino energy using the smearing matrix
that describes the reconstructed CCQE electron neutrino energy in MiniBooNE.

- Scale MicroBooNE’s intrinsic v, flux from BNB to generate the predicted signal excess.
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1043-PUB.pdf

LEE Search: v. Sighal Models

Ratio
£ 50— ®. —— 1
c S00r i Other T 600— | Other
® + | S F . o8 0.367  0.231
& ot > [ Hlon - .
- B A- NY Lu o A= NY |
400 L ) | 500 :-_ 0-6 —_
| . - o —
- [l = misi - - ® o4 =
= ks f — \n ' ]
: 4 Moo |, F e + | 2D Unfold 3 :
300— | v, from K" 2 v, from K 3 3 c 0.2 -
8 , 5 =
) + Jomit | E [ wtomy * s E
- {5 ' _ _|Besti C 7! Bestit | m .
200 XX - [ L o W o2 =
- L “#- Data L —e— Data | S i
s ! -2 -t |
[ s 200 = 04 =
100— £ B -0.6 -
- ) 100 OV, iy :
2 I : e 1.083 MicroBooNE preliminary —:
0 _ ] | ] ] ] I ] ] ] | ] ] ] | ] ] L
200 400 600 800 1000 1200 0T 08 -06 -04 02 0 02 04 06 08 1 17200 400 600 800 1000 1200 °
Visible Energy [MeV] cosh

True Electron Kinetic Energy (MeV)

e Signal Model 2 (New):

- Less dependent on CCQE modeling and better match excess in shower 45
kinematics. -——-..;__eelectron

.

- Unfold the MiniBooNE excess reconstructed in 2D shower kinematics (Ecjectron
and Gelectron)-

- Scale true electron kinematics from MicroBooNE’s intrinsic v, prediction to
generate the predicted signal excess.

BNB Data Run 22298 Subrun 74 Event 3723

 Two sighal models are complementary to expand the analysis reach.
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LEE Search: ve. Results
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* Test MiniBooNE excess under Signal model 1 - neutrino energy-dependent v, rate scaling.

- Data in overall agreement with intrinsic v, flux prediction.

- Rule out this excess model @ 99.5% CL in Np & Op combined channels.

= Results are mostly driven by the Np channel, and the Op channel is less sensitive due to limited statistics.
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LEE Search: ve. Results
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 Test Signal Model 2 -
2D shower kinematics-
based model:

- Exclude this excess
model @ > 99.9% CL
iIn combined Np & Op
channels.

1eOpOx

—
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LEE Search: v. Analysis

 Expanded investigation of electron-like excess € Best Fit Point 1 90%C.L.
hypothesis: I 99%C.L. I 68%C.L.
- 6.86e20 — 11.1e20 POT of data. L O
_ _ - 0 Signal strength =1 corresponds to
- New constraint of intrinsic v, and 7~ backgrounds. L EE expectation under different
- Complementary signal hypotheses: neutrino 087 kinematic hypotheses
energy, shower energy, and shower cos 6. %
< 0.6 -
* Results: b=
0p
- Data compatible with background-only ® 0.4 -
prediction. .5_)5’
- Data inconsistent with v,-like excess at > 99% CL. 0.2 -
- Results consistent across kinematic variables
tested. o D U D S
* More details in MICROBOONE-NOTE-1127-PUB Shower Shower Neutrino

Energy cos(6) Energy
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1127-PUB.pdf
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https://doi.org/10.1103/PhysRevLett.130.011801

BNB and NuMI at MicroBooNE
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Number of Events

3+1Degeneracy Breaking: BNB + NuMi
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» 3+1degeneracy: v, disappearance cancels v, v, appearance

- Degeneracy depends on the ratio of intrinsic rate I/ﬂ/l/e — in BNB ~ 200, in NuMI ~ 25.

- For the same mixing angles, a large effect in NuMI would be observed. NuMI can break the
degeneracy!
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3+1 Sensitivity Improvement: BNB + NuMi
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 Joint 3+1 analysis with BNB + NuMI significantly improves the sensitivity!

- The sensitivity covers the majority of the LSND and the Gallium allowed regions.

(More details in MICROBOONE-NOTE-1129-PUB for updated NuMI flux and MICROBOONE-NOTE-1132-PUB for
dual-beam 3+1 analysis)

 Stay tuned for upcoming results from this analysis!
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https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1129-PUB.pdf
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1132-PUB.pdf

Summary

« The MicroBooNE experiment was designed to investigate the nature of the low energy excess
observed by MiniBooNE.

» The first full-dataset v, LEE analysis results, with updates in signal models and sideband
constraints, are presented, excluding the v,-like excess at > 99% CL.

A novel “Dual-Beam” 3+1 sterile neutrino search provides significantly improved sensitivity In
3+1 interpretation of the short-baseline anomalies, with results coming soon.

 Focusing on other LEE interpretations in single-photon and e+e- topologies!

Thank you!
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LArTPC Detector

Sense wires

D5 B i  MicroBooNE’s LArTPC is powerful in electron-
/A photon separation.

LAr-TPC

- Millimeter spatial resolution and calorimetry.
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iInteraction timing information.
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BNB and NuMI at MicroBooNE
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