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Short-Baseline Anomalies

e LSND (left) and MiniBooNE (right) both observed an excess of neutrino-like events
e Flavor oscillations not expected at short baseline (L/E ~ 1 km/GeV)
e Can be interpreted as evidence for sterile neutrino oscillations
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MiniBooNE Low-Energy Excess (LEE)

e Mineral oil Cherenkov detector whose signal is a single electromagnetic (EM) shower
o Difficulty distinguishing electron showers from photon showers
o  Only sensitive to particles above Cherenkov threshold (not protons)
e Excess could be either
o  Electron-like (sterile oscillations)
o -like (mis-modeled background)
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MicroBooNE

170-ton (89-ton active volume) Liquid argon time projection chamber (LArTPC)
Collected ~half a million neutrino events from 2015 to 2021
Located on same beamline as MiniBooNE (Booster Neutrino Beam)

e - o

BOOSTER
SB FAR MICROBOO = i — ==, TARGETR
DETECTOR DE*ZCYOR N\ ) i

-—— N .

SUSY 2022 | June 271 2022 Andrew J. Mogan 4



MicroBooNE
170-ton (89-ton active volume) Liquid argon time projection chamber (LArTPC)
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Liquid Argon Time Projection Chambers

Signals from ionization electrons and
scintillation photons
o Photons captured by photomultiplier tubes
(not pictured)
o Electrons drifted toward readout wires via
electric field
Three readout wire planes at different
orientations
o Individual plane images combined into 3D
reconstruction of neutrino interactions
High resolution allows for electron/photon
separation

" | Liquid Argon TPC

X wire plane waveforms
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LArTPC Event Display

Particle tracks
_ €.g. protons, muons, pions

Electromagnetic showers
e.g. electrons, photons

Run 3493 Event 41075, October 23", 2015
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e/y Separation: Conversion Distance

e Photon propagate invisibly before pair converting; electrons attached to vertex

" Candidate electron
Candidate photon shower
S NVES MBOONE G
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BNB DATA : RUN 5536 EVENT 1612. MARCH 22, 2016. NuMI DATA: RUN 10811, EVENT 2549. APRIL 9, 2017.
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e/y Separation: Shower dE/dx

Phys. Rev. D 104, 052002
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dE/dx: energy deposition per unit length
Left: leading shower dE/dx from the NuMI
inclusive CC v, analysis

Photons pair convert = expect peak at 2x
electron peak
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052002

LEE Searches

e NC A radiative decay search e Three complementary v, searches
o A—Ny o Different topology and reconstruction
o Standard model process algorithms for each
o  Branching ratio ~0.6% o Single electron in final state

m AN’ ~99%

SUSY 2022 | June 271 2022 Andrew J. Mogan 10




Single-Photon Search

would explain MiniBooNE LEE - ; —————
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Pandora' pattern recognition framework for
reconstruction
Boosted decision tree (BDT) selection
o Inputs include shower energies and directions,
track length and energy, etc.
Five BDTs trained on separate backgrounds:

Phys.Rev.Lett. 128 (2022) 111801
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https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6
https://inspirehep.net/literature/1937333

Results

Enhancement of NC A radiative decay as sole explanation for the MiniBooNE LEE

Events

disfavored at 94.8%

Upper bound on enhancement factor of x2.3 SM rate at 90% CL

CL

o Most stringent limit to date on neutrino-induced A—Ny

80 NC A - Ny

LEE Model (XMB=3.18)

All Other Backgrounds

2« Total Unconstrained
- Background & Error

70

60

N[

50

I|IIH||III|\III|IIII|II

40

N

30

20

10

0

[ NC1r® Resonant A(1232)
BNCT° DIS
Bl NC1x° Higher Resonances

MicroBooNE ty1p Data

(6.80x10%° POT)

% Total Constrained
“\ Background & Error

AN N

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

Constrained

Events

400

350

300

250

200

150

100

50

0

Q
(@]
<
~.
<l
=

-l
E 45

N

NC A —» Ny

LEE Model (xMB=3.18)
/Yy Om°

CC v/, (>0)n°

Total Unconstrained
Background & Error

[TINC1n° Resonant A(1232)
I NC DIS

Bl NC1r® Higher Resonances
Il NC1r° Coherent

[_] All Other Backgrounds

= \g\ N\

MicroBooNE 1yOp Data

(6.80x10%° POT)

% Total Constrained
\\ Background & Error

Unconstrained

Constrained

SUSY 2022 | June 27 2022

Andrew J. Mogan

12


https://inspirehep.net/literature/1937333

Electron Searches

v, +Ar — 1e1pOn v, + Ar — 1eXpOmn v, +Ar — 1eX

e Inclusive selection

e Wirecell reconstruction®
Y-Z View

Semi-inclusive selection
Pandora reconstruction?
Op and Np (N > 0) channels
treated separately

Exclusive selection
Deep learning reconstruction’
e Targets CCQE interactions
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052012
https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/P01037/meta?casa_token=Hm1jBZg7suIAAAAA:cqPq1sfcBo0uF2gpRAFvXPAj0l2HT4D_p9zwBU5MApK5RnxsLQyuQ24Gd7TcG-wQeAxKrZxlOZDCKmN5YM0

Selected v, Energy Spectra
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v, Search Results

e No excess of v_events observed

e All channels consistent with or slightly
below expectation

e Slight excess in 1e0p0tt

o Low sensitivity, background dominated

e Reject the hypothesis that the LEE is
solely due to CC v, interactions at 97% CL

e Disfavor low-energy v, interactions as the
primary contributor to the excess
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MicroBooNE 6.369x 102’ POT, Preliminary
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https://microboone.fnal.gov/document/microboone-note-1116-pub/

Results: v, Disappearance

e Including NuMI data significantly improves sensitivity
o  Mitigates degeneracy in sin?(@

22)
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https://microboone.fnal.gov/document/microboone-note-1116-pub/

Results: v, Appearance

e Including NuMI data significantly improves sensitivity

o Mitigates
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https://microboone.fnal.gov/document/microboone-note-1116-pub/

Summary

e MicroBooNE has analyzed single-photon and CC v_ channels to investigate the
MiniBooNE LEE
No excess observed in any investigated channels
3+1 sterile oscillation fit using BNB data shows no evidence for sterile oscillations
o Updated fits with NuMI data in the future
More data processing; look forward to higher-statistics analysis
e Formore:
o See Pawel Guzowski's talk next
o See Xiao Luo's plenary talk Thursday at noon
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Backup
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Single-Photon Constraint
using 2y Samples

e High-statistics 2y samples used to constrain
uncertainties and large NC nt® background
e Total background prediction reduced by 24%

(191p) and 12% (1,0p)
e Primary topic of my PhD thesis!
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https://inspirehep.net/literature/1861472

eLEE Model

MicroBooNE simulation ~ £hys.Rev. D 105, 112004
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.112004

3+1 Degeneracy in BNB-Only

e Degeneracy as sin2(624) approaches 1/R

Nve = Nintrinsic Ve Pve—’Ve + Nintrinsic Vu© PVy—’Ve

= Nintrinsic Ve © [1 +

(Rv, /v, - $in*624 = 1)

. sin22014 . sin2A41

e Different v, tov, ratio in NuMI
o Higher v_content in NuMI beam
o = Degeneracy mitigated when including
NuMI data
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