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Outline

❖ Introduction to MicroBooNE 

❖ Liquid Argon Time Projection Chamber and its capabilities

❖ Beyond the Standard Model physics searches in MicroBooNE

❖ Summary
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MicroBooNE
❖ MicroBooNE is 85 tonne active mass Liquid Argon Time Projection Chamber 

(LArTPC)

❖ On-axis to Booster Neutrino Beamline (BNB) with average E𝜈 = 800 MeV

❖ Off-axis to Neutrinos at Main Injector (NuMI) with average E𝜈 = 1.5 GeV

MicroBooNE’s Location at Fermilab

463 m

680 m
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❖ Primary goal is to investigate MiniBooNE 
anomalous low energy excess (LEE).
[(See talk by Ivan Caro Terrazas)] 

Goals of MicroBooNE

Photon channel

Phys. Rev. Lett. 128, 111801
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https://indico.sanfordlab.org/event/28/sessions/53/#20220511
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❖ Primary goal is to investigate MiniBooNE 
anomalous low energy excess (LEE).
[(See talk by Ivan Caro Terrazas)] 

Goals of MicroBooNE

Photon channel

Phys. Rev. Lett. 128, 111801
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Electron channel

arXiv:2110.14080v2, arXiv:2110.14065 and 
arXiv:2110.13978 accepted to PRD

https://indico.sanfordlab.org/event/28/sessions/53/#20220511
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Goals of MicroBooNE

❖ Recent results on MicroBooNE LEE search 
stated that the excess is neither electron-like 
nor photon-like.

❖ Currently, exploring a variety of BSM models 
such as models with e+e- final states to 
target the nature of MiniBooNE’s LEE.

Phys.Rev.Lett 121.241801

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.121.241801


Daisy Kalra (Columbia University) BSM Physics Searches (CoSSURF-2022)
7

Goals of MicroBooNE

❖ Rich Cross-section program using both the BNB and 
NuMI neutrinos.
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Goals of MicroBooNE

❖ MicroBooNE is exposed to both the NuMI and BNB providing an excellent 
opportunity to search for beyond the Standard Model (BSM) physics 
processes. ← Focus of this talk

❖ MicroBooNE’s analysis as an important proof-of-principle for the future 
planned measurements in LArTPC detectors such as SBND, ICARUS, DUNE.
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Liquid Argon Time Projection Chamber 

❖ Interaction generates final state 
particles that leave a trail of ionization 
electrons and scintillation light.

❖ Anode plane wires record signature 
from ionization electrons.

JINST 12(2017)09, P09014

https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09014
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Liquid Argon Time Projection Chamber 

❖ Interaction generates final state 
particles that leave a trail of ionization 
electrons and scintillation light.

❖ Anode plane wires record signature 
from ionization electrons.

❖ Photomultiplier tubes (32 PMTs) 
capture scintillation light.

JINST 12(2017)09, P09014

https://iopscience.iop.org/article/10.1088/1748-0221/12/09/P09014
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Gap between 
shower start and 
interaction vertex

Ti
m

e

Wire number

Liquid Argon Time Projection Chamber’s Capabilities

❖ Excellent spatial 
and calorimetric 
resolution.

beam
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No gap

Wire number
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Liquid Argon Time Projection Chamber’s Capabilities

beam

❖ Excellent spatial 
and calorimetric 
resolution.

❖ Electron photon 
differentiation.
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100 keV hit 
thresholds

Wire number
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Liquid Argon Time Projection Chamber’s Capabilities

Low energy 
blips

beam

❖ Low detection 
thresholds.

❖ An important 
ingredient in EM 
shower 
reconstruction.
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Beyond the Standard Model physics with MicroBooNE

❖ Due to their capability of tagging particles with excellent resolution, LArTPCs 
are an excellent choice for performing BSM physics searches.

❖ This talk will summarize MicroBooNE’s BSM physics searches:
➢ Baryon number violation (MICROBOONE-NOTE-1113-PUB) 
➢ Search for heavy neutral leptons (Phys.Rev.D 101, 052001 (2020))
➢ Search for higgs portal dark scalars (Phys.Rev.Lett. 127, 151803 (2021))
➢ MeV scale physics (MICROBOONE-NOTE-1076-PUB)
➢ Other planned BSM searches

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
https://microboone.fnal.gov/wp-content/uploads/MICROBOONE-NOTE-1076-PUB.pdf
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Neutron-Antineutron Oscillation

❖ Neutron-Antineutron (n-nbar) oscillation process violates baryon number by 2 
units (See talk by Daisy K.)

❖ Annihilation of antineutron with nearby 
nucleon generates multiple final state 
pions → a unique star-like topology

https://indico.sanfordlab.org/event/28/sessions/60/#20220512
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❖ No experimental evidence so far and current best limit on 16O bound n-nbar 
transition rate is provided by Super-K experiment and is 3.6 x 1032 years. 
[Phys. Rev. D 103, 012008 ]

❖ MicroBooNE’s n-nbar oscillation search would be the first-ever search within 
39Ar bound nucleus ← Proof-of-principle for future LArTPC detectors such as 
SBN, DUNE.

Neutron-Antineutron Oscillation

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.012008#:~:text=Phys.,years%20exposure%20of%20Super%2DKamiokande
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❖ The analysis begins with reconstructed “clusters” and selection is applied in two 
stages

Neutron-Antineutron Oscillation MICROBOONE-NOTE-1113-PUB

Background (off-beam data) 
clusters (collection of spacepoints 
that carry information on wire 
position, time, energy deposition)

Signal overlaid on the 
background (off-beam data) 
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❖ Preselection → Boosted Decision Tree (BDT)-based to remove backgrounds.

❖ Final Selection → Image based analysis using Convolution Neural Network (CNN).

Neutron-Antineutron Oscillation MICROBOONE-NOTE-1113-PUB

Final selection
CNN > 0.8

Pre-selection
BDT > 0.1
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Neutron-Antineutron Oscillation
Signal efficiency 73.6%

Background efficiency 0.0088%

Sensitivity (stat-only errors with 
372 seconds of exposure)

3.059 x 1025 years
MICROBOONE-NOTE-1113-PUB

Evaluation of systematic uncertainties and analysis validation are going on.
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Neutron-Antineutron Oscillation
Signal efficiency 73.6%

Background efficiency 0.0088%

Sensitivity (stat-only errors with 
372 seconds of exposure)

3.059 x 1025 years
MICROBOONE-NOTE-1113-PUB

Evaluation of systematic uncertainties and analysis validation are going on.

Aiming for publication 
based on this search, 
this summer!
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Heavy Neutral Leptons

❖ Theoretically motivated particles, much heavier than neutrinos.

470 m

(Phys.Rev.D 101, 052001 (2020))

charged and neutral 
particles: pions, kaons

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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Heavy Neutral Leptons

❖ Theoretically motivated particles, much heavier than neutrinos.

470 m

(Phys.Rev.D 101, 052001 (2020))

charged and neutral 
particles: pions, kaons

Production Channel of HNLs from BNB

Decay Channel in MicroBooNE detector

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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Heavy Neutral Leptons

Production channel from BNB Decay via:

𝜇

𝝅

Ti
m

e

Wire number

❖ Challenge is to differentiate this process from neutrino (𝜈𝜇)-induced processes.

(Phys.Rev.D 101, 052001 (2020))

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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Heavy Neutral Leptons

❖ HNLs being heavier than neutrinos, take longer time to get to the detector.

❖ A special trigger was designed to search for HNLs following the beam spill.

Signal (HNL) search 
region: No neutrino 
background in this 
region.

(Phys.Rev.D 101, 052001 (2020))

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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Heavy Neutral Leptons

❖ BDT is used to select signal (HNL) 
with masses of 260-385 MeV 
(kinematically constrained region)

❖ No data excess is observed.

❖ Limits are set on HNL production 
rate at 90% CL.

(Phys.Rev.D 101, 052001 (2020))

Currently, exploring more production modes (kaons from NuMI beam) and 
decay modes  (e∓+ 𝝅±)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052001
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❖ Theoretically motivated dark scalars in context of the Higgs portal model.

❖ Production from kaons decaying at rest and decays into a pair of lepton.

❖ Search motivated from KOTO’s initial observation of 3 unexplained invisible 
decay candidates in K0 → 𝝅0 + invisible decay candidates [Phys. Rev. Lett. 124, 

191801]

Higgs Portal Scalars (Phys.Rev.Lett. 127, 151803 (2021))

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
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❖ This analysis focuses on searching 
these dark scalars using kaons in the 
NuMI beam dump.

❖ BDT is developed to search for S → e+ 
+ e- decay.

❖ One event passes the selection, 
consistent with expected background 
1.9 ± 0.8 using an exposure of 1.9 * 1020 
POT.

Higgs Portal Scalars (Phys.Rev.Lett. 127, 151803 (2021))

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
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❖ Upper limit is set on scalar mixing angle at 95% CL.

Higgs Portal Scalars (Phys.Rev.Lett. 127, 151803 (2021))

Current efforts include expanding the search to di-muon pairs and using 
more statistics

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151803
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MeV-Scale Physics
❖ Low energy ionization, with energy ~< 100 MeV, produced by low energy gammas or 

neutrons.

❖ We are pushing down the thresholds for reconstructing this information.

Blips of ionization 
O(1MeV) but as low as 
O(100 keV)

MICROBOONE-NOTE-1076-PUB
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MeV-Scale Physics

❖ Reconstruction of MeV scale energy depositions can benefit a wide selection of 
BSM searches such as millicharged particles, identification of pion-muon in 
final state.

❖ Crucial for reconstructing low energy electrons from Supernova and solar 
neutrino interactions. (Snowmass white paper Low Energy Physics in Neutrino 
LArTPCs arxiv:2203:00740)

❖ Reconstruction of low energy ionization or blips was previously demonstrated 
in ArgoNeuT experiment (Phys.Rev.D 99, 012002 (2019)).

MICROBOONE-NOTE-1076-PUB

https://arxiv.org/pdf/2203.00740.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012002
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❖ Millicharged particles (previous search using ArgoNEUT experiment )

❖ Dark Tridents : exploring BSM models with e+e- final states.

Other BSM searches

JHEP 01(2019) 001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.131801
https://link.springer.com/article/10.1007/JHEP01(2019)001
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❖ MicroBooNE has demonstrated 
LArTPC capability to perform world 
leading BSM physics searches.

❖ Many exciting results:
Heavy Neutral Leptons
Higgs Portal Scalars

❖ Aiming for publication based on 
Neutron-Antineutron Oscillation, this 
summer.

❖ Stay tuned!

Summary
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Thank you!


