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1. Dear Radioactive Ladies and Gentlemen!
2. I have hit upon a desperate remedy  to save…the law of 
conservation of energy.
3. …there could exist electrically neutral particles, which I will call 
neutrons, in the nuclei…

Neutrino: the “missing energy” puzzle
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1. Dear Radioactive Ladies and Gentlemen!
2. I have hit upon a desperate remedy  to save…the law of 
conservation of energy.
3. …there could exist electrically neutral particles, which I will call 
neutrons, in the nuclei…

From “Desperate Remedy” to Standard Model
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SNO

Solar neutrino puzzles

Super
Kamiokande

Homestake
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Neutrino mixing matrix

To discovery of 
Neutrino Oscillation
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𝑠𝑖𝑛! 2𝜃

&1 Δ𝑚!

∆𝑚!: frequency of oscillation
Choose L, E appropriate for ∆𝑚!

sin!(2𝜃): amplitude of oscillation
“large” : easy to detect

2 Neutrino Oscillation
Image credit: "Celebrating Neutrinos", Los Alamos Science, 25 (1997).

mixing matrix

𝑃 𝜈" → 𝜈# = sin! 2𝜃 sin! 1.27
Δ𝑚! 𝑒𝑉 !. 𝐿 [𝑘𝑚]

𝐸$[𝐺𝑒𝑉]

Two neutrino model:

Mass states Flavor states



3 Flavor Neutrino Oscillation 
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The difference between masses and the mixing 
of 3 neutrinos are one of the questions that can 
be answered by experiments looking at 
neutrino oscillation at different beamline

Neutrino mixing matrix

O(10-3eV2)

O(10-5  eV2)



What we know so far
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PMNS mixing matrix: a unitary matrix with three mixing angles (𝜃?@, 𝜃?A, 𝜃A@) and CP 
violating phase (𝛿BC). 

Atmospheric, 
Long Baseline 
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Not the full picture?
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Series of short baseline neutrino oscillation 
experiments introduced puzzling results

PRD83 (2011)

arXiv:1901.08330v2

PRD 64 (2001)
PRD 64 (2001)PRD 103 (2021)



Not the full picture?
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Series of short baseline neutrino oscillation 
experiments introduced puzzling results

PRD83 (2011)

arXiv:1901.08330v2

PRD 64 (2001)
PRD 64 (2001)PRD 103 (2021)

~ 1 𝑒𝑉!



Short Baseline Anomalies: LSND and MiniBooNE
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Excess of electromagnetic events on a scale of Δ𝑚A ~ 1 𝑒𝑉A, different with the 
“standard” mass splittings for 3 neutrinos 
• Oscillation signal from additional sterile neutrino?
• Unmodeled background?
• New physics?

Expected 
LSND signal 
region

• Similar L/E 
oscillation

• LSND signal 
expected for E > 
475 MeV

• New low-energy 
anomaly for E < 
475 MeV that 
doesn’t fit the 
3+1 hypothesis

LSND

Eν = 20 – 55 MeV
Baseline 
L = 30m

!"# e+

p n

!$#
!"

MiniBooNE

Eν ~ 800 MeV Baseline 
L = 540 m

!"# e+
p n
!$#

e-
p n
!$

3.8σ excess

neutrino oscillations 
at Δ𝑚! ~ 1 𝑒𝑉!

Phys. Rev. D 103, 052002 (2021)
Phys. Rev. D 64 112007, 2001

LSND MiniBooNE



Zooming in on MiniBooNE Low Energy Excess
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MiniBooNE is a mineral oil 
Cherenkov Detector

PID from the Cherenkov 
ringMiniBooNE cannot distinguish electrons from 𝜸

Phys. Rev. D 103, 052002 (2021)



Experiment to test the MiniBooNE LEE
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Same beam/flux

Similar baseline (L)

Superior e/𝛾 separation

Mic
roB

ooN
E



#1. MicroBooNE sees the same neutrino flux
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#1. MicroBooNE sees the same neutrino flux
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Figure: Wouter Van den Pontseele



#1. MicroBooNE sees the same neutrino flux
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𝜋% → 𝜇% + 𝜈#
𝜇% + 𝜈̅# + 𝜈"

Figure: Wouter Van den Pontseele



#1. MicroBooNE sees the same neutrino flux
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MiniBooNE-based flux 
uncertainties beamline 
modeling in Geant4 

Strong 𝜈𝜇 - 𝜈e  
correlations at low 
energy

𝜋% → 𝜇% + 𝜈#
𝜇% + 𝜈̅# + 𝜈"

Figure: Wouter Van den Pontseele



Experiment to test the MiniBooNE LEE
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Same beam/flux

Similar baseline (L)

Superior e/g separation



#2. MicroBooNE is located at the similar beamline
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Booster 
𝝂 Beam



#2. Located at the similar beamline
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540 m

MiniBooNE

Booster 
𝝂 Beam



#2. Located at the similar beamline
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470 m540 m

MicroBooNEMiniBooNE

Booster 
𝝂 Beam



#2. Located at the similar beamline
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470 m540 m

MicroBooNEMiniBooNE

Key facts
• Surface-based, 85 tonne active volume 

liquid argon
• One drift chamber. Field cage cathode 

held at -70 kV
• UV laser calibration system
• Cosmic Ray tagger system
• Start taking data Fall 2015
Booster 
𝝂 Beam



#2. Located at the similar beamline
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470 m540 m

MicroBooNEMiniBooNE

Key facts
• Surface-based, 85 ton active volume liquid 

argon
• One drift chamber. Field cage cathode 

held at -70 kV
• UV laser calibration system
• Cosmic Ray tagger system
• Start taking data Fall 2015

Data used in this analysisBooster 
𝝂 Beam Thanks to 

Fermilab 
Accelerator 
Division!



Experiment to test the MiniBooNE LEE
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Same beam/flux

Similar baseline (L)

Superior e/g separation



LArTPC
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(Liquid Argon Time Projection Chamber)



LArTPC
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(Liquid Argon Time Projection Chamber)

• Neutrino enters the large 
volume of liquid argon. 

• Neutrino interacts with 
argon and produces 
charged particles



LArTPC
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(Liquid Argon Time Projection Chamber)

• Charged particle can ionize/excite 
the argons.

• Excited argons produce 
scintillation light and arrays of 
PMTs behind the wire planes 
recorded the lights.



LArTPC
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(Liquid Argon Time Projection Chamber)

• Electric field set up between the 
cathode and the anode drift the 
ionized electron to the wire 
chamber planes on the anode 
side of the detector.



LArTPC
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(Liquid Argon Time Projection Chamber)

• Signals from the event are 
induced by the first two wire 
planes and electrons are 
collected by the last plane



LArTPC

24

(Liquid Argon Time Projection Chamber)
High resolution photographic-like image of neutrino 
interaction
Scales to large masses!

Neutrino



Superior e/𝛾 separation power: topology
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an\ nXmber of 
hadron tracks

detached photon 
shoZer

sh
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𝑒!
𝑒"𝛾

an\ nXmber of 
hadron tracks

attached electron 
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𝑒!

Superior e/𝛾 separation power: dE/dx
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electron
shower

track

gap between 
showers and 
vertex

photon
shower

track

track

2 MIPs
Start of vertex

1 MIP
Start of vertex

Neutrino
Neutrino



Low protons kinematics threshold

Low proton kinematic thresholds 
(300 MeV) → access to new 
information about nuclear effects, 
neutrino interactions. 

Protons identified by Bragg peak in 
last 30 cm of track

Bragg peak

32

Neutrino



Experiment to test the MiniBooNE LEE
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Same beam/flux

Similar baseline (L/E)

Superior e/g separation



Neutrino Interaction in Argon
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Theory-driven models 
• Fit to 2016 T2K 𝜈! 𝐶𝐶0𝜋 data taken at 

similar energies
• More than 50 parameters are varied 

to assess interaction uncertainties

New Theory-driven GENIE 
Tune for MicroBooNe
arXiv:2110.14028

Figure: 
T. Golan 

arxiv:2110.14028


Cross Section Measurements
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Developed high statistics v-Ar cross-section 
measurements targeting various interaction 
kinematics and final states and filling in the 
missing pieces in the v-Ar cross-section puzzle.
• 𝜈#𝐶𝐶 𝑁𝑝0𝜋, Phys.Rev.D 102 (2020) 11, 112013 

• 𝜈# CCQE-like, Phys.Rev.Lett 125 (2020) 20, 201803 

• 𝜈# CC Inclusive, Phys.Rev.Lett 123 (2019) 13, 131801 

• 𝜈#𝐶𝐶 𝜋& Phys.Rev.D 99 (2019) 9, 091102 

• 𝜈" 𝐶𝐶 Inclusive Phys.Rev.D 104 (2021) 5, 052002
• 𝜈" CC arXiv:2109.06832 (2021)
• 𝜈# CC Inclusive arXiv:2110.14023 (2021)

• Many more to come…

arxiv:2109.06832
arxiv:2109.06832


As electron drifts…
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anode

Space charge 
Effect (SCE)

Recombination

Purity

Diffusion

Slow moving ions creates 
distortion to the Efield

electron cloud is smeared in 
longitudinal & transverse directions

attenuation of the signal 
on the TPC wires

Underestimation of 
particle energy loss 𝑒'

𝑒'

𝑒'

𝑒'

cathode

Correlated detector effects 
varying the reconstructed charge 

signal (dQ/dx) and needs to be 
disentangled and calibrated



As electron drifts…
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anode

Space charge 
Effect (SCE)

Slow moving ions creates 
distortion to the Efield

𝑒'

𝑒'

𝑒'

𝑒'

cathode

Correlated detector effects 
varying the reconstructed charge 

signal (dQ/dx) and needs to be 
disentangled and calibrated



Detector Response Modeling and Calibration
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• Pioneered novel techniques for noise filtering 
and signal processing JINST 13 P07006 (2018), 
JINST 13 P07007 (2018)

• Leverage a strong program of low-level 
detector modeling:
• data-driven E-field map calibration JINST 

15 P07010 (2020), space charge effects, 
JINST 15 P12037 (2020)

• Calorimetric and EM shower calibrations,
JINST 15 P03022 (2020)

• Measurement of the Longitudinal Diffusion of 
Ionization Electrons in the MicroBooNE
Detector, JINST 16 P09025 (2021)

Good understanding of detector response and 
precise measurement of particle kinematics.



Data Driven Detector Systematics
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•Data-driven detector simulation: simulated 
neutrino interaction is “overlaid” on top of 
cosmic only data
•Eliminate modeling related to TPC/PMT for 
cosmic simulation and reduce systematics

•Evaluate data-driven systematics of space 
charge, recombination, optical model, GEANT4 
uncertainties

•Pioneered a novel method to capture waveform-
level data/MC differences as a function of 
positions and angular orientation of particle’s 
trajectory as a correction and residual detector 
modeling systematic

Novel Approach for Evaluating 
Detector-Related Uncertainties in 
a LArTPC Using MicroBooNE Data 

arXiv:2111.03556

arxiv:2111.03556


Strategy to investigate MicroBooNE Low 
Energy Excess

40



Zooming in on MiniBooNE Low Energy Excess
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Phys. Rev. D 103, 052002 (2021)

• MiniBooNE’s goal is to 
investigate the excess seen by 
LSND
• Test if the excess is due to 
𝜈" appearance from 
sterile neutrino ~ 1eV2

• MicroBooNE’s goal is to see if 
we see an excess of electron 
with respect to the intrinsic 
neutrino beam or not
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π0 MisID constrained from in situ 
measurement of NC π0 rate

constrained from in situ dirt 
data sample

Zooming in on MiniBooNE Low Energy Excess
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• NC Δ process is not 
experimentally identified. 

• T2K and NOMAD set limits on 
this process, but x3.18 higher 
cross-section can explain 
MiniBooNE excess.

Zooming in on MiniBooNE Low Energy Excess



44

Excess in electron Excess in photonExcess in electron Excess in single photonExcess in single photonExcess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

How to solve a puzzle like MiniBooNE Low Energy Excess
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Excess in electron Excess in photonExcess in electron Excess in single photonExcess in single photonExcess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

e
p
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e
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How to solve a puzzle like MiniBooNE Low Energy Excess
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Excess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

How to solve a puzzle like MiniBooNE Low Energy Excess



Excess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

Modeling the Low Energy Excess



Excess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

Modeling the Low Energy Excess

Many literatures for models to 
explain MiniBooNE excess

First test: use empirical LEE 
model in MicroBooNE



Excess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

Modeling the Low Energy Excess

Take background 
subtracted excess of data 

events in MiniBooNE



Excess in 
𝑒)

Excess in 
Δ → 𝑁𝛾

Modeling the Low Energy Excess

Assume excess is 
intrinsic  𝝂𝒆

Unfold to true energy
Apply to MicroBooNE to 
benchmark the analysis 

wrt excess
(Scaling is allowed to 

float)

Assume excess is 𝚫 →
𝑵𝜸

Unfold to true energy
Apply to MicroBooNE

to benchmark the 
analysis wrt excess

(Scaling ~3.18)



Analysis Method for MicroBooNE Low 
Energy Excess Analyses

51



The single photon LEE search

52

Reconstructed electron shower

MICROBOONE
SIMULATION

Pandora reconstruction
• Δ → 𝑁𝛾 search utilizes 1𝛾1𝑝 and 1𝛾0𝑝 which are fit simultaneously to maximize 

signal statistics
• Major challenge is understanding and rejecting NC 𝜋# backgrounds
• In situ measurement used to constrain the background 

e e
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The electron channel LEE search
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MICROBOONE
SIMULATION

Three complementary analyses using 3 fully automated reconstruction probing different final states

Deep Learning
JINST 12, P03011 (2017)

Pandora reconstruction
Eur.Phys.J.C 78 (2018) 1, 82

Wirecell reconstruction

e
p
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e
p

p

𝝂𝒆 𝟏𝒆𝑵𝒑𝟎𝝅

e
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e

p

𝝂𝒆 𝟏𝒆𝑿𝒑
𝜋

JINST 16, P06043 (2021)



The electron channel LEE search
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MICROBOONE
SIMULATION

Three complementary analyses using 3 fully automated reconstruction probing different final states

Deep Learning.
Use Convolutional Neural Net to 
label tracks and showers from 
input pixel image
Aim for high purity of CCQE signal 
selection (oscillation signal)

e
p
𝝂𝒆 𝟏𝒆𝟏𝒑



The electron channel LEE search
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MICROBOONE
SIMULATION

Three complimentary analyses using 3 fully automated reconstruction probing different final states

Pandora reconstruction
Use patterns recognition in 2D to build 3D 
reconstruction of interaction
Semi-inclusive pion-less final states
1eNp: more sensitive to empirical model of 
MiniBooNE result
1e0p: Mitigate uncertainties related to proton 
multiplicity, kinematics, and reconstruction 

e
p

p

𝝂𝒆 𝟏𝒆𝑵𝒑𝟎𝝅

e

𝝂𝒆 𝟏𝒆𝟎𝒑𝟎𝝅



The electron channel LEE search
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MICROBOONE
SIMULATION

Three complementary analyses using 3 fully automated reconstruction probing different final states

Wirecell reconstruction
Use tomographic image to turn 
2D charge information to 3D 
charge.
• Fully inclusive selection 
• Least sensitive to the cross-

section models

e
p

𝝂𝒆 𝟏𝒆𝑿𝒑
𝜋



Common Strategy
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MICROBOONE
SIMULATION

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection

Systematics Constraint

Statistical Interpretation

MicroBooNE is a surface detector:

• 97% of triggered events have only cosmic activity
• Events with a neutrino typically contain 20 cosmic muons
• Matching with PMT flashes is used to identify the true 

beam neutrinos

Cosmic rejection > 99.7%

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement



Common Strategy
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MICROBOONE
SIMULATION

p

e 𝛾 →e- + e

J. High Energ. Phys. 153 
(2021)

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement



Common Strategy

59

MICROBOONE
SIMULATION

Convolutional neural network for multiple particle 
identification in the MicroBooNE liquid argon time 

projection chamber
Phys.Rev.D 103, 092003 (2021)

e
p
𝝂𝒆 𝟏𝒆𝟏𝒑

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement



Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement

Common Strategy: BDTs

60

MICROBOONE
SIMULATION

Boosted decision tree (BDT): common tool 
used to separate signal from background.

1e1p
• 19 kinematic variables 

(e.g., QE consistency)
• 4 ionization variables 

(e.g., shower labeled 
pixel fraction)

1γ1p
5 boosted decision 
trees to reject 
backgrounds from 
1γ1p topology

e
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Common Strategy
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MICROBOONE
SIMULATION

• Reconstructed π0 mass within 5% 
of 135 MeV/c2

• Used to calibrate the shower

e
p

p

𝝂𝒆 𝟏𝒆𝑵𝒑𝟎𝝅

e

𝝂𝒆 𝟏𝒆𝟎𝒑𝟎𝝅

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement



Common Strategy
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High statistic inclusive contained 𝜈$ selection 
to constrain 𝜈% systematics
• Flux: both νe and νµ come from the same 

beamline, and hadrons
• Cross section: Both interact in argon

e
p
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Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement



Common Strategy
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MICROBOONE
SIMULATION

Vh
RZ

eU 
1

VhRZeU 2

WUa
ck

sh
oZ

er 
1

shoZer 2

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement

• High statistics π0 interactions
• Used to constrain the π0 backgrounds in the 

Δ→Nγ signal samples
• validate shower reconstruction and 

energy measurement



Common Strategy
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• Reject over 99.7% of background events 
from cosmic muons or 𝜋#

• Select 𝜈% with high purity despite large 
backgrounds

arXiv:2110.14065

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement

https://arxiv.org/abs/2110.14065


Common Strategy
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MICROBOONE
SIMULATION

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement



Blind analysis

66

MICROBOONE
SIMULATION

• Data in non-signal region used to validate 
analysis strategy and modeling. 

• Selection is frozen before looking at 
sideband data.

• The energy threshold is lowered gradually 
towards full unblinding.

Signal region

Cosmic Rejection

𝑒", 𝛾
ID

p, 𝜇, 𝜋#
tagging

Event Selection
Final and sidebands selection

Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement

FROZEN

STAGED
UNBLINDING

near far sideband

Goodness of fit 
p-value: 0.277

Goodness of fit test relative to 
constrained prediction motivated 
the unblinding



Blind Analysis
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MICROBOONE
SIMULATION
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tagging
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Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
test

Signal strength 
measurement

FROZEN

NuMI data for validation
Used for all 𝜈"-argon cross 
section measurements to date.
• High intrinsic 𝜈" relative to 

BNB (5% vs 0.5%)
• Selections not tuned on NuMI

data: applied after frozen, 
before unblinding BNB data



Results
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Photon Results
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MICROBOONE
SIMULATION
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Photon Results
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MICROBOONE
SIMULATION
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Electron Results
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Reconstructed 
proton track MICROBOONE

SIMULATION
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Electron Results
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Reconstructed 
proton track MICROBOONE
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Electron Results
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Reconstructed 
proton track MICROBOONE

SIMULATION
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Electron Results
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Reconstructed 
proton track MICROBOONE

SIMULATION
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Interpretation
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Common Strategy
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test

Signal strength 
measurement



77

Common Strategy

Cosmic Rejection
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Systematic  Constraint

Statistical Interpretation

Simple hypothesis 
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Interpretation: Simple Hypothesis Test
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Reconstructed 
proton track MICROBOONE

SIMULATION

Observed data is consistent with the 
nominal NC 𝚫→𝛾N prediction well within 
expected 1𝜎 of experiments.

The data rejects the LEE model hypothesis 
in favor of the nominal prediction at 
94.8% CL

Probability of the data 
rejecting one hypothesis 
assuming the other is true, 
using a  Δ𝜒A formalism.



Simple Hypothesis Test
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MICROBOONE
SIMULATION

Result indicates no observation 
of 𝜈Y excess in data

e
p
𝝂𝒆 𝟏𝒆𝟏𝒑

Low sensitivity, prefers 
eLEE model over 
nominal νe model 
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Common Strategy
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Interpretation: Signal Strength Comparisons
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MICROBOONE
SIMULATION

No evidence for an enhanced rate of 
single photons from NC Δ→Nγ decay 
above nominal GENIE expectations

x3.18 scaling disfavoured at 94.8% 
C.L.

One-sided bound on the normalisation of 
NC Δ→Nγ events of x𝚫< 2.3 (90% C.L.)

> 50 times better than the world’s 
previous limit



Interpretation: Signal Strength Comparisons
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MICROBOONE
SIMULATION

Use Feldman-Cousins
procedure to measure best 
fit signal strength (𝜇), 
assuming a flat scaling of 
the eLEE model

Energy-dependent 
scaling of 𝜈% beam 
content as in eLEE
model is not favored

Best-fit

1𝜎(68% 𝐶𝐿)

Low sensitivity, wide 
range of signal strength 



Summary of Electron and Single Photon Results

• Investigated two hypotheses to see if the MiniBooNE excess originate from of 
νe or NC 𝛥 → 𝑁𝛾

• No evidence for excesses relative to prediction in both selection: 95% CL to 3𝜎
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Summary of Electron and Single Photon Results
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• MicroBooNE collaboration, “Search for an Excess of Electron Neutrino Interactions in MicroBooNE
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https://arxiv.org/abs/2110.14054
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What’s Next
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More Statistics
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Data used for 
this analysis

More statistics to come. 
Increasing the statistics by 
2-folds

Analyses are stats-
limited. Full 
datasets will give 
fuller pictures



Evolving Theory Landscape
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Already 
in the 
works



Evolving Theory Landscape
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Leverage the power of 
LArTPC technology to 
distinguish between 
models based on exclusive 
final state topologies!



MicroBooNE Higgs Portal Scalar Search
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• Search for e+e- decays from 
scalars coming from NuMI
hadron absorber 

• 1 event observed → 95% C.L. 
excludes KOTO central value

PhysRevLett.127.151803

Search for a Higgs Portal Scalar Decaying to Electron-
Positron Pairs in the MicroBooNE Detector



SBN Program: Definitive Test of Short-Baseline Oscillations
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SBN Program: Definitive Test of Short-Baseline Oscillations
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Completed  
data taking

Started data 
taking in 
2021

Under 
reconstruction
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Each detector shares the same neutrino flux
and argon cross-sections -> errors are highly 
correlated -> reduce systematics

SBN Program: Definitive Test of Short-Baseline Oscillations



93

Onwards to DUNE

• MicroBooNE demonstrated the power of LArTPC technology for precision neutrino analyses and rare 
signal searches
• Performed end-to-end excess searches, cross-section measurements, BSM searches

• Lay out the foundation for precision oscillation measurements and other searches at DUNE through 
physics measurements and detector R&D.



Conclusion

• MicroBooNE has concluded its first search into the long-standing MiniBooNE LEE 
puzzle by searching for excesses in electron-neutrino interactions and Δ→Nɣ single 
photon production.

• MicroBooNE’s investigation of the MiniBooNE anomaly shows no evidence for anomaly 
in electron or Δ→Nɣ single photon samples

• MicroBooNE has demonstrated the excellent power of LArTPCs as the tool for 
precision measurement
• Pioneering high statistics v-Ar cross-sections measurements, and BSM searches 
• Published detailed detector performance results to be used by new and upcoming 

LArTPCs, such as DUNE and SBN program
• More statistics to come and more analyses planned for probing into different channels 

and more BSM searches
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Thank You!
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