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The MicroBooNE Experiment
First large-scale LArTPC to collect neutrino data in US. Six years of beam operations: 2015-2021
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- First large-scale LArTPC in US
- Operations milestones: 

- cold electronics, 
- 10s of ms e- lifetime

- Driver for LArTPC reconstruction
- Broad XSEC, BSM, OSC physics program 

- 80+ papers & counting
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MicroBooNE Data Characteristics

2.5 x 2.3 x 10.3 meter detector: 85 tonnes of active LAr target.

BNB dataset: 800 MeV mean neutrino energy: 
95% 𝜈𝜇 | 4% anti-𝜈𝜇 | 0.5% 𝜈e.

TPC: ~8,000 wires across 3 wire-planes with 3 mm pitch.

PDS: 32 8” Hamamatsu PMTs.

Surface LArTPC: 
10 cosmics / 2.3 ms drift window.

Raw data @ 50MB/evt w/ 1 Hz trigger
For 5 years: 9 PB (then add MC, reco, …)

Curating data-release includes prioritizing 
& being efficient in what to store and how.



See arXiv:2309.15362

Released: 
- 750k BNB and
- 90 𝜈e-enhanced “overlay” events.

artROOT & .hdf5 formats
- Targeting LArTPC experts & 

broader AI/ML communities.

FAIR principles for data management

Positive feedback from (non-LArTPC) 
end-users on ease of access and 
documentation. 
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MicroBooNE Public Data Release (2022)

microboone.fnal.gov/documents-publications/public-datasets/

https://arxiv.org/abs/2309.15362
https://www.nature.com/articles/sdata201618
http://microboone.fnal.gov/documents-publications/public-datasets/
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Public Data Documentation & Tutorials

https://github.com/uboone/OpenSamples 

https://github.com/uboone/OpenSamples
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Public Data Documentation & Tutorials

https://github.com/uboone/OpenSamples 

Interpretation of optical vs. 
charge “image” comparison with 
simple “flash-matching” metrics 

Comparison with Pandora reconstruction in uB samples. Not the 
latest but still the basis for many current papers and a great 
benchmark for external users

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

https://github.com/uboone/OpenSamples
https://inspirehep.net/literature/1615469
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MicroBooNE Simulation: Overlays

MicroBooNE simulation uses a data-driven “overlay” strategy:
- Simulate neutrino interaction
- Overlay on top of a data event collected with unbiased trigger.

- Fully data-driven cosmics, radiological, and electronics noise
- No truth information for these! 

simulated
neutrino

cosmic data
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MicroBooNE “Open Data” File Contents

“wire” information (top view) for 
10% subset of events:

- After noise filtering
- After signal processing

Reconstructed quantities:
- 2D hits
- Pandora reco output

Truth Information / labels:
(Including backtracked 
EDEPs)

Access to artROOT files allows 
people to re-process and 
add/modify information for 
further analysis.

neutrino

cosmics
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Possible Applications

Public data sets allow for a wide range of developments, but primarily can be used 
for training or testing of AI models.

Some possible applications include:

● Foundation models
● Generative simulation
● Anomaly detection
● Detector surrogate models
● … [your idea here]



Nine peer-reviewed publications.

Teams include:
- Mix of uB / LArTPC reconstruction experts
- Mix of ML / LArTPC experts

Data release includes:
- Jupyter notebooks with example tutorials
- Pandora information for performance reference

Availability of well documented .hdf5 formatted 
samples was seen favourably: lowered barrier for 
access / usage.
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MicroBooNE Public Data Release Impact (so far…)

microboone.fnal.gov/documents-pu
blications/public-datasets/

http://microboone.fnal.gov/documents-publications/public-datasets/
http://microboone.fnal.gov/documents-publications/public-datasets/
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MicroBooNE Public Data Release Impact (so far…)

Real-time anomaly detection 
[arXiv:2509.21817]

Geometric Neural-Net 
Predictions 

[arXiv:2509.10676]

Optimal Transport 
[PRD 113 (2026) 7]

Quantum Machine Learning Hit-Based Classifier
[PRD 112 (2025) 9, 092006]

Some recent examples.

Common theme: team of 1+2 
LArTPC experts plus external 
collaborators.

NuGraph2
[PRD 110 (2024)]

https://arxiv.org/pdf/2509.21817
https://arxiv.org/pdf/2509.10676
https://arxiv.org/pdf/2506.09238
https://arxiv.org/pdf/2503.12655
https://inspirehep.net/literature/2769932
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Impact: re-integration in experimental workflow

LArTPC / AI+ML 
community

“neutrino OT”

𝝅0 rejection without shower counting. Integrating in a 
first MicroBooNE analysis and then expand to DUNE

These developments are starting to have a real impact

𝜈 Optimal Transport
[PRD 113 (2026) 7]

https://arxiv.org/pdf/2506.09238
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Impact: re-integration in experimental workflow

LArTPC / AI+ML 
community

NuGraph2

NuGraph2 development bringing major improvements in reconstruction 
for MicroBooNE and being deployed in other LArTPC experiments

These developments are starting to have a real impact

See Michaelia’s talk!

NuGraph2
[PRD 110 (2024)]

https://inspirehep.net/literature/2769932
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Impact: training & workforce development

Provides opportunity for undergraduate students to 
work on real science problems and contribute to 
cutting-edge research.

- Great for projects for interns / summer students. 
E.g. through UChicago DSI internship w/ G. 
Cerati & V. Hewes.
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Impact: outreach & education

Public Data can also provide the basis for engaging student in coursework or 
outreach activities.

arXiv:2509.18859

- Hands-on labs or 
independent research 
projects for class

- Source for visuals / input 
data for outreach

https://arxiv.org/abs/2509.18859


New opportunities

16initial storage: 3 PB



Motivation for New / Expanded Data Releases
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Opportunities:

1. GENESIS mission 
2. Data Challenges / schools
3. Growing LArTPC community spanning many detectors (DUNE prototypes, 

SBN)

Studies not possible with existing release:

1. Triggering studies with raw waveform data
2. Detector monitoring over long time-periods
3. Systematic studies of detector response variation
4. Studies on actual data



Expanded MicroBooNE Release: Plans
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Multi-year cosmic-ray data & simulated 
neutrino samples:

Multi-year dataset which encompassess 
time-dependent variations and well-understood 
calibrations. Can benefit the development of 
low-level detector status monitoring, new 
calibration workflows, …

Raw Waveforms for real data and simulated 
neutrinos:

Can spur the development of trigger and other 
online data analysis for LArTPCs.

when it rains…it pours
Cosmic-ray shower in uB

JINST 13 (2018) 07, P07006

https://arxiv.org/pdf/1802.08709


Expanded MicroBooNE Release: Plans
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Detector Variation Samples:

Provides a way to benchmark or aid training to account 
for detector response uncertainties.

Reconstructed 3D space-points:

Visual output of LArTPC data. Easy to interpret by 
non-LArTPC experts

Small Neutrino Dataset:

Real neutrinos ideal for data-challenges and engaging 
development topics

Eur.Phys.J.C 82 (2022) 5, 454

https://arxiv.org/pdf/2111.03556


Expanded MicroBooNE Release: Plans
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Interested in feedback on:

- Experience with using MicroBooNE Open Data
- Suggestions for future uses / applications of this data
- Requests for datasets you would find useful

In particular

- Are there venues (schools, courses) where you see this data being useful?
- Experience with or suggestions for documentation / code tutorials.
- Applications you are working on that could benefit from this data. 



Backup

21


