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LArTPC capabilities

75 cm
Run 3493 Event 41075, October 23rd, 2015 

100 keV hit 
thresholds 3mm spatial resolution

Four protons 
resolved

Paticle ID by dE/dx

Liquid Argon Time Projection Chamber
“digital bubble chamber”

75 cm
Run 3493 Event 41075, October 23rd, 2015 
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Excellent spatial and charge resolution allows for unprecedented PID, and 
interesting new physics searches via anomalous final state topologies

e/γ
separation

arXiv:2101.04228



MicroBooNE

LArTPC detector physics, research and development

85 ton (fiducial) ~10×2×2 m3 liquid 
argon time projection chamber Booster Neutrino Beam (8GeV protons)

480m baseline

NuMI Neutrino Beam (120GeV protons) 

680m from target (8° off-axis)

Goals of the experiment:
Not to scale!

co
sm

ic
s

28 July 2021Pawel Guzowski - EPS-HEP 2021 3

Investigate the MiniBooNE anomalous excess Cross-section measurements

Diverse variety of other topics in astroparticle and exotic 
physics, that MicroBooNE is capable of (this talk)



Astroparticle and exotic physics with MicroBooNE
Outline of this talk:

• Results released over past year
ØInforming and developing for 

future experiments
– Supernova neutrino R&D
– Cosmic rate measurement
– Baryon number violation

ØPushing reconstruction capabilities
– MeV-scale physics 

ØSearches for new physics
– Heavy neutral leptons
– ‘Higgs Portal’ dark scalars

ØSome prospects for future results
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Progress Toward the First Search for Bound Neutron

Oscillation into Antineutron in a Liquid Argon TPC

MICROBOONE-NOTE-1093-PUB

The MicroBooNE Collaboration

August 3, 2020

Abstract

This note presents current progress for a neutron-antineutron oscillation (n� n̄) search in
MicroBooNE paving the way for the first search analysis of such process in a Liquid Argon
Time Projection Chamber (LArTPC). Convolutional Neural Network (CNN) and Boosted
Decision Tree (BDT) algorithms were used to select signal n � n̄ events over cosmogenic
backgrounds. The CNN-only, BDT-only, and the combined (CNN+BDT) methods were
demonstrated on the Monte-Carlo signal and background events. Validation of the CNN-
only and the BDT-only methods was carried out on a small dataset of MicroBooNE Run1
o↵-beam data, setting the starting point toward further improvement of the analysis.
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MeV-scale Physics in MicroBooNE

MICROBOONE-NOTE 1076-PUB

The MicroBooNE Collaboration

Abstract: The scope of this public note is to present preliminary measurements of MeV energy

signatures and relevant backgrounds for beam neutrino interactions using a dedicated reconstruction

technique, expanding upon the original study by ArgoNeuT. We also use this technique to identify and

quantitatively analyze the low energy activity emanating from the field cage support ribs in the MicroBooNE

detector and discuss how the usage of similar construction materials could be a source of background for low

energy physics analyses in future neutrino detectors such as the Deep Underground Neutrino Experiment

(DUNE). We also highlight the application of the low energy reconstruction technique to studies of neutrino

interactions from core-collapse supernovae and muons decaying at rest (µDAR).

1. Introduction

This public note presents the first evaluation of both position and energy reconstruction of sub-MeV energy

depositions from neutrino interactions in the MicroBooNE Liquid Argon Time Projection Chamber (LArTPC)

utilizing unblinded datasets from parts of Run 1 (October 15, 2015 - October 15, 2016) and Run 3 (October 27,

2017 - September 17, 2018). Developing the capability to study these low-energy depositions is necessary for

several LArTPC physics analyses envisioned for MicroBooNE, as well as DUNE and other LArTPC experiments.

These analyses include: supernova neutrino searches; 39Ar studies; reconstruction of nuclear de-excitations and

neutron scatters in neutrino interactions and neutron captures on Ar.

This note is organized as follows. Section 2 introduces the MeV-scale reconstruction and its implementation

in MicroBooNE. Section 3 highlights the measurement of the cosmogenic backgrounds that mimic the low energy

activity of interest. In Section 4 we discuss the MeV-scale energy signatures produced in Booster Neutrino Beam

(BNB) neutrino interactions within the detector. In Section 5 we present the spatial distribution of reconstructed

low-energy activity within the detector, that reveals unexpected ‘hot-spot’ regions within the detector which

are correlated to physical objects present in the detector volume. We also investigate the radiological origin of

the hot-spot activity and arrive at preliminary conclusions. Finally in Section 6 we describe the applications of

the low energy activity analysis in developing the reconstruction for ⌫e events originating from muon decay at

rest (µDAR) and core-collapse supernovae.
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Search for a Higgs portal scalar decaying to electron-positron pairs in the

MicroBooNE detector
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R&D for supernova neutrino detection
• A lot of data is produced by 

MicroBooNE – 33 GB/s
– Orders of magnitude more expected 

in DUNE
• To observe supernova neutrino 

burst, would need continuous 
readout

• Pioneered a system to zero-suppress 
and compress the TPC data
– Reduction of rates by over 80×
– Prototype for DUNE

• Performance evaluated by 
reconstruction of Michel electrons
– Comparable to full datastream
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Cosmic ray rates
• Used our data to measure rate of 

cosmic rays on surface at Fermilab
– First such measurement with a liquid 

argon TPC
• Allows tuning the cosmic simulation
– Measurement agrees with ‘out-of-the-

box’ CORSIKA simulation
– Disagrees with ‘constant mass 

composition’ extension* of the 
simulation

• Useful input to future experiments at 
Fermilab, including SBN program 
and DUNE 

28 July 2021Pawel Guzowski - EPS-HEP 2021 6

* Alternative spectral composition of light and heavy ion cosmic rays impacting atmosphere

Good angular agreement between data and simulation

JINST 16, 04004 (2021)



Neutron-antineutron oscillation

28 July 2021Pawel Guzowski - EPS-HEP 2021 7

Trained a convolutional neural network to 
identify signal over cosmic-induced 
background

Outperforms a traditional BDT approach
π+

Baryon number violating process
Multi-pion “star” event topology

π-

π0

π0

improvement

MICROBOONE-NOTE-1093-PUB

MicroBooNE is pioneering techniques to be used in DUNE
• Convolutional neural network based search



MeV-scale reconstruction
• Standard reconstruction algorithms 

designed for O(100 MeV) interaction
• ‘Blips’ of ionization produced by low-energy 

gammas or neutrons
• We are pushing down the thresholds for 

reconstructing this information
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GENIE simulation
(no de-excitation 
photons simualted)

Cosmic data

Single-hit ‘blips’
O(1 MeV) energy, 
but as low as 
O(100 keV)

Excess of MeV-scale 
blips close to neutrino 
interaction vertex

MICROBOONE-NOTE-1076-PUB

Distance from blip to 
neutrino vertex (cm)

Applications:
• Supernova neutrino reconstruction
• Muon/pion separation
• Searches for millicharged particles



Heavy neutral leptons
• O(100 MeV) mass neutral 

leptons; mixing with SM 
neutrinos

• Produced in the same way 
as standard neutrinos
– We used kaon decays as the 

source, for this first search
• Decay via weak interaction
– Muon+pion in our case

• “Late window” trigger 
developed for this analysis
– Negligible neutrino 

backgrounds

28 July 2021Pawel Guzowski - EPS-HEP 2021 9

SIMULATION 700 MeV HNL Decay 
(Mass 370 MeV)

Kaon decay in 
BNB target or 
decay volume

HNL decay inside MicroBooNE

HNL 
travels 
~500m

SM neutrino 
interactions

HNLs
are 

delayed

Late 
window 
trigger

Phys.Rev.D 101, 052001 (2020)

pion

muon
(Extended PMNS 
matrix element)



Heavy neutral leptons
• BDT based analysis 

with 10 HNL mass 
points (245-388 MeV)

• No excess observed
• Competitive limits, 

with only small 
fraction of our dataset

• We will be using more 
production and decay 
modes, full trigger 
window, and NuMI
data, in the near future
– Stay tuned
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0 105 140 211245 388 493

MEV

K → μN

K → eN

N → eeν 

N → μeν 

N → eπ  

N → μμν   

N → μπ  

(HNL mass)
Only searched for this 
production mode

Only searched for this 
decay mode

Phys.Rev.D 101, 052001 (2020)



Higgs Portal scalars
• “Portal” to the dark sector, via a dark scalar mixing with the Higgs 

(mixing angle θ)
– Couples to SM fermions via Yukawa couplings ∝ θ2m2

• Very similar phenomenology as HNLs
– Search for kaons decaying to scalar in beam
– Scalar decays to fermions in detector

• Our first search uses kaons decaying at rest in the NuMI beam 
dump

Pawel Guzowski - EPS-HEP 2021
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Kaons; surviving protons

Neutrinos

Scalars

~100m

Standard 
Model

Dark 
Sector?

Neutrino portal
mixing of ν-N

Vector portal
mixing Aµ-Xµ

Higgs portal
mixing H-S

ν (neutrinos)

Aµ (photons)
H (Higgs)

N?

Xµ? S?

…?
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• Searching for e+e- pairs from the decay of a 
<200 MeV scalar boson

• Using a BDT-based analysis

Scalar boson
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Angular variable (one of 
themost important for BDT);
Simulation is well modelled 
with respect to the data

Neutrino simulation (GENIE)
Data-driven cosmic background

NuMI beam dump

typical neutrino direction

BDT distribution, 
well modelled with 

background-only 
expectation

look for the kink decay 
topology, pointing 

‘backwards’, of a pair 
of reconstructed 

objects, with large 
opening angle



Higgs Portal scalars

28 July 2021Pawel Guzowski - EPS-HEP 2021 13

0 20 40 60 80 100 120 140 160 180 200

)2 (MeV/cSScalar mass m

4-10

3-10

2-10

q
   

  

* reinterpretation
^ central value

MicroBooNECHARM*

LSND*

KOTO*^

E949

NA62

Theorist’s expected sensitivity

Improvements in 
e+e- mode to come

Searches of 
µ+µ- and ππ 
mode to come

Current limit 
(crudely drawn)

M
ix

in
g 

an
gl

e 
w

ith
 H

ig
gs

 b
os

on
• We observe 5 events in signal region, with 2.0±0.8 expected
• Can exclude model central value parameters required to explain KOTO anomaly*
• This was with 10% of our NuMI dataset; further search results to come!

*In 2019, KOTO reported anomalous excess of K0→π0+invisible decays, although significance of the excess has decreased in 2021 paper

Batell et al, PRD 100, 115039 (2019)arXiv: 2106.00568



Dark prospects
• Further BSM models 

being explored with e+e-

final states
• Dark neutrino portal, 

with dark Z’ decay
– could explain 

MiniBooNE: if e+e-
resolved as single shower 

• Dark matter produced 
in beamline; inelastic 
scattering off argon
– MicroBooNE has 

excellent sensitivity
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12.84e20 POT Neutrino-Mode
MiniBooNE excess data

 = 0.140 GeV
N

= 1.25 GeV, MZ'M
This Model

2 = 0.04 eV2 mD = 0.894, q22sin
Sterile Neutrino Oscillation
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<latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit><latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit><latexit sha1_base64="0p/xhwtC1DuAKrwsfIpCRdrcOVM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx4rGFtoQplsN+3SzSbd3Qgl9E948aDi1d/jzX/j9gPR1gcDj/dmmJkXpoJr47pfTmFldW19o7hZ2tre2d0r7x886CRTlHk0EYlqhaiZ4JJ5hhvBWqliGIeCNcPBzcRvPjKleSLvzShlQYw9ySNO0Vip5YeofNrnnXLFrbpTkB9SWyQVmKPRKX/63YRmMZOGCtS6XXNTE+SoDKeCjUt+plmKdIA91rZUYsx0kE/vHZMTq3RJlChb0pCp+nsix1jrURzazhhNXy96E/E/r52Z6DLIuUwzwySdLYoyQUxCJs+TLleMGjGyBKni9lZC+6iQGhtRyYaw9PIy8c6qV1X37rxSv56nUYQjOIZTqMEF1OEWGuABBQFP8AKvztB5dt6c91lrwZnPHMIfOB/faJ6Pvw==</latexit>

�
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

�
<latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit><latexit sha1_base64="35AhcGyCls1bwmtZJNqtyAP5y+E=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKWxEUG9BLx4juCaQLGF2MpsdMo9lZlYIS37BiwcVr36RN//G2SSIJhY0FFXddHdFKWfG+v6XV1pZXVvfKG9WtrZ3dveq+wcPRmWa0IAornQnwoZyJmlgmeW0k2qKRcRpOxrdFH77kWrDlLy345SGAg8lixnBtpB6JGH9as2v+1OgH9JYJDWYo9WvfvYGimSCSks4Nqbb8FMb5lhbRjidVHqZoSkmIzykXUclFtSE+fTWCTpxygDFSruSFk3V3xM5FsaMReQ6BbaJWfQK8T+vm9n4MsyZTDNLJZktijOOrELF42jANCWWjx3BRDN3KyIJ1phYF0/FhbD08jIJzupXdf/uvNa8nqdRhiM4hlNowAU04RZaEACBBJ7gBV494T17b977rLXkzWcO4Q+8j29uEY4G</latexit>

A0⇤
<latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit><latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit><latexit sha1_base64="PF5u0shNoytuzsGJ2YUtSnjXsqY=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0UUF2FSNW12VTcuKxhbaGOZTCft0MmDmYlQQn/BjQsVt36RO//GSVtBRQ9cOJxzL/fe4yecSYXQh1FYWFxaXimultbWNza3yts7tzJOBaEuiXks2j6WlLOIuoopTtuJoDj0OW35o8vcb91TIVkc3ahxQr0QDyIWMIJVLp0f3h33yhVkWlXbrp5AZNpOre7YmiDbsc/q0DLRFBUwR7NXfu/2Y5KGNFKEYyk7FkqUl2GhGOF0UuqmkiaYjPCAdjSNcEill01vncADrfRhEAtdkYJT9ftEhkMpx6GvO0OshvK3l4t/eZ1UBXUvY1GSKhqR2aIg5VDFMH8c9pmgRPGxJpgIpm+FZIgFJkrHU9IhfH0K/ydu1XRMdH1aaVzM0yiCPbAPjoAFaqABrkATuICAIXgAT+DZCI1H48V4nbUWjPnMLvgB4+0TCEGNyA==</latexit>

A0
<latexit sha1_base64="Ykxb1xAbd1eqMVvQXRbw2GoOIj0=">AAAB6HicdVDLSsNAFJ34rPVVdelmsIiuwqRq2uyqblxWMbbQhjKZTtqhk0mYmQgl9A/cuFBx6ye582+cPgQVPXDhcM693HtPmHKmNEIf1sLi0vLKamGtuL6xubVd2tm9U0kmCfVJwhPZCrGinAnqa6Y5baWS4jjktBkOLyd+855KxRJxq0cpDWLcFyxiBGsj3ZwfdUtlZDsV162cQGS7XrXmuYYg13PPatCx0RRlMEejW3rv9BKSxVRowrFSbQelOsix1IxwOi52MkVTTIa4T9uGChxTFeTTS8fw0Cg9GCXSlNBwqn6fyHGs1CgOTWeM9UD99ibiX14701EtyJlIM00FmS2KMg51Aidvwx6TlGg+MgQTycytkAywxESbcIomhK9P4f/Er9ieja5Py/WLeRoFsA8OwDFwQBXUwRVoAB8QEIEH8ASeraH1aL1Yr7PWBWs+swd+wHr7BO+RjSw=</latexit><latexit sha1_base64="Ykxb1xAbd1eqMVvQXRbw2GoOIj0=">AAAB6HicdVDLSsNAFJ34rPVVdelmsIiuwqRq2uyqblxWMbbQhjKZTtqhk0mYmQgl9A/cuFBx6ye582+cPgQVPXDhcM693HtPmHKmNEIf1sLi0vLKamGtuL6xubVd2tm9U0kmCfVJwhPZCrGinAnqa6Y5baWS4jjktBkOLyd+855KxRJxq0cpDWLcFyxiBGsj3ZwfdUtlZDsV162cQGS7XrXmuYYg13PPatCx0RRlMEejW3rv9BKSxVRowrFSbQelOsix1IxwOi52MkVTTIa4T9uGChxTFeTTS8fw0Cg9GCXSlNBwqn6fyHGs1CgOTWeM9UD99ibiX14701EtyJlIM00FmS2KMg51Aidvwx6TlGg+MgQTycytkAywxESbcIomhK9P4f/Er9ieja5Py/WLeRoFsA8OwDFwQBXUwRVoAB8QEIEH8ASeraH1aL1Yr7PWBWs+swd+wHr7BO+RjSw=</latexit><latexit sha1_base64="Ykxb1xAbd1eqMVvQXRbw2GoOIj0=">AAAB6HicdVDLSsNAFJ34rPVVdelmsIiuwqRq2uyqblxWMbbQhjKZTtqhk0mYmQgl9A/cuFBx6ye582+cPgQVPXDhcM693HtPmHKmNEIf1sLi0vLKamGtuL6xubVd2tm9U0kmCfVJwhPZCrGinAnqa6Y5baWS4jjktBkOLyd+855KxRJxq0cpDWLcFyxiBGsj3ZwfdUtlZDsV162cQGS7XrXmuYYg13PPatCx0RRlMEejW3rv9BKSxVRowrFSbQelOsix1IxwOi52MkVTTIa4T9uGChxTFeTTS8fw0Cg9GCXSlNBwqn6fyHGs1CgOTWeM9UD99ibiX14701EtyJlIM00FmS2KMg51Aidvwx6TlGg+MgQTycytkAywxESbcIomhK9P4f/Er9ieja5Py/WLeRoFsA8OwDFwQBXUwRVoAB8QEIEH8ASeraH1aL1Yr7PWBWs+swd+wHr7BO+RjSw=</latexit>

e�
<latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit><latexit sha1_base64="eS2LtIJXQn7LP4Kg2TcklegVLIo=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPgxbCRgHoLevEY0TWBZA2zk95kyOzsMjMrhCWf4MWDilf/yJt/4+QhxFdBQ1HVTXdXkAiujet+OLmFxaXllfxqYW19Y3OruL1zq+NUMfRYLGLVDKhGwSV6hhuBzUQhjQKBjWBwMfYb96g0j+WNGSboR7QnecgZNVa6xrujTrFUKbsTEPcX+bJKMEO9U3xvd2OWRigNE1TrVsVNjJ9RZTgTOCq0U40JZQPaw5alkkao/Wxy6ogcWKVLwljZkoZM1PmJjEZaD6PAdkbU9PVPbyz+5bVSE576GZdJalCy6aIwFcTEZPw36XKFzIihJZQpbm8lrE8VZcamU5gP4X/iHZfPyu5VtVQ7n6WRhz3Yh0OowAnU4BLq4AGDHjzAEzw7wnl0XpzXaWvOmc3swjc4b59WM41c</latexit>

e+
<latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit><latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit><latexit sha1_base64="x8GRq/un8r5F95Dm3AzCp310aMU=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoMgCGEjAfUW9OIxomsCyRpmJ73JkNnZZWZWCEs+wYsHFa/+kTf/xslDiK+ChqKqm+6uIBFcG9f9cHILi0vLK/nVwtr6xuZWcXvnVsepYuixWMSqGVCNgkv0DDcCm4lCGgUCG8HgYuw37lFpHssbM0zQj2hP8pAzaqx0jXdHnWKpUnYnIO4v8mWVYIZ6p/je7sYsjVAaJqjWrYqbGD+jynAmcFRopxoTyga0hy1LJY1Q+9nk1BE5sEqXhLGyJQ2ZqPMTGY20HkaB7Yyo6euf3lj8y2ulJjz1My6T1KBk00VhKoiJyfhv0uUKmRFDSyhT3N5KWJ8qyoxNpzAfwv/EOy6fld2raql2PksjD3uwD4dQgROowSXUwQMGPXiAJ3h2hPPovDiv09acM5vZhW9w3j4BUy2NWg==</latexit>

Ar
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MicroBooNE
10-event 
sensitivity

Bertuzzo et al, PRL 121, 241801 (2018)

Ballett et al, PRD 99, 071701 (2019)

de Gouvêa et al, JHEP 01, 001 (2019)

Better fit to MiniBooNE



Summary
• MicroBooNE is not only excellent for 

investigating MiniBooNE or measuring cross 
sections, but can also perform a diverse variety 
of astrophysical or exotic measurements

• We have produced some exciting results in the 
past year
– Supernova continuous readout (JINST 16, 02, 

P02008 (2021))
– MeV-scale physics (MICROBOONE-NOTE-

1076-PUB)
– Cosmic ray rate measurement (JINST 16, 04, 

P04004)
– Neutron-antineutron oscillation analysis 

development (MICROBOONE-NOTE-1093-
PUB)

– Searches for heavy neutral leptons (Phys.Rev.D 
101, 052001 (2020)), and dark sector scalars 
(arXiv:2106.00568)

• We do have a lot more results to come in the 
near future
– watch this space!
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https://doi.org/10.1088/1748-0221/16/02/P02008
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1076-PUB.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/16/04/P04004
http://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1093-PUB.pdf
https://doi.org/10.1103/PhysRevD.101.052001
https://arxiv.org/abs/2106.00568


EXTRA SLIDES
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MeV-scale applications
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Neutrons emitted by muon/pion capture on argon

Castiglioni et al, PRD 102, 092010 (2020) 

χ

Supernova neutrino

Muon-pion separation, allowing e.g. distinguishing BSM 
di-muon signals from SM muon-pion backgrounds

• Better energy reconstruction 
by including blips

• Distinguish CCQE from v-e 
elastic scattering

Searches for millicharged particles
(blips along a straight line, pointing back to target)

ArgoNeuT, PRL 
124, 131801 (2020)


