Catalog of Benchmarks, Software, and
Datasets for the DUNE Project's Fast
Machine Learning Initiatives from
Gemini

1. Introduction

The Deep Underground Neutrino Experiment (DUNE) stands as a leading international
endeavor in the field of neutrino science, aiming to unravel fundamental questions about
neutrino oscillations, the potential for proton decay, and the characteristics of supernova
neutrinos. The experiment's design incorporates massive liquid argon time projection chamber
(LArTPC) detectors, which are expected to generate an unprecedented volume of data requiring
advanced computational methods for effective analysis . In this context, machine learning (ML)
has become an increasingly vital tool in high-energy physics, offering solutions for a wide array
of tasks, including the crucial areas of real-time event triggering, precise particle identification,
accurate track reconstruction, and efficient reduction of background noise °.

This report provides a systematic catalog of the benchmarks, software artifacts, and datasets
that are associated with the Fast Machine Learning (FastML) efforts within the DUNE project,
based on the provided research materials. The primary objective is to create a well-structured
and detailed resource that outlines the key ML-related developments, available resources, and
their measured performance metrics. This compilation aims to enhance understanding and
facilitate collaboration within the DUNE research community and among interested parties in the
broader scientific landscape. The information presented herein is exclusively derived from the
provided URLs and their content, which includes presentation slides and any linked resources
referenced within those materials. The methodology employed involves a thorough extraction of
all mentions of benchmarks, software, and datasets, along with their corresponding
descriptions, application areas, and pertinent technical specifications. This extracted information
is then organized into a tabular format to address the user's request for an Excel spreadsheet
representation.

2. Detailed Catalog of DUNE Artifacts

This section presents a comprehensive catalog of the benchmarks, software, and datasets
identified within the research materials. The information is structured in a table to offer a clear
and organized overview, directly addressing the user's requirement for an Excel spreadsheet
format. Each row in the table represents a distinct artifact, with the columns detailing the specific
attributes requested in the user query.

DUNE FastML Artifact Catalog
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3. Summary and Initial Observations

The analysis of the provided materials reveals a significant effort to integrate machine learning
methodologies into various aspects of the DUNE project ?. This includes the development and
application of deep learning models, such as Convolutional Neural Networks (CNNs) and
Autoencoders, alongside more traditional machine learning techniques like those employing
Local Binary Patterns (LBP) *. These efforts span a wide range of applications, from real-time
data processing within the data acquisition system to offline analysis and simulation
frameworks.

A prominent theme is the crucial role of simulation software in the DUNE ecosystem 2.
Frameworks like LArSoft, GArSoft, and larnd-sim are fundamental for both detector design and
the development and testing of analysis algorithms, including those based on machine learning.
The availability of data from the ProtoDUNE single-phase (SP) and dual-phase (DP) prototypes
is also of paramount importance %. These datasets provide real-world examples of detector
responses and are invaluable for validating simulation tools and analysis techniques before the
full DUNE detectors become operational. The fact that raw trigger records from ProtoDUNE-SP
were around 75 MB compressed and run sequence files from ProtoDUNE-DP were 3.2 GB each
gives a sense of the scale of data being handled 2.

The development and benchmarking of models like the 2D CNN for radiological background
rejection, which has been tested on both GPUs and FPGAs, highlight the project's focus on
achieving efficient real-time processing *. The reported performance metrics, such as the
99.42% signal efficiency and 99.69% background rejection on simulated data, along with the
inference times on different hardware, demonstrate a rigorous approach to evaluating the
suitability of these models for deployment in the DUNE environment. Furthermore, the
adaptation of models to work with the specific data formats of the DUNE DAQ system, such as
the retraining of the 2D CNN with sparser Trigger Primitives, underscores a commitment to
practical implementation.

The DUNE collaboration also leverages tools and frameworks developed by other neutrino
experiments, such as CAFAna from NOvA and PPFX from MINERVA 2. This collaborative
approach within the high-energy physics community allows DUNE to benefit from the existing
expertise and resources in the field. The use of a package manager like Spack for managing
DUNE DAQ dependencies further emphasizes the adoption of sound software engineering
practices for this complex project .

The variety of machine learning models under investigation, each tailored for specific tasks like
neutrino interaction identification, region of interest finding, and noise reduction, suggests a
comprehensive and strategic approach to applying these techniques to the unique challenges of
neutrino physics °. The performance benchmarks reported for models like the 1D Autoencoder
for denoising (e.g., ~69% primary track efficiency, ~99% background rejection, and specific
inference times) provide quantitative measures of their effectiveness.




4. Conclusion

This report has presented a detailed catalog of the benchmarks, software artifacts, and datasets
associated with the Fast Machine Learning initiatives within the DUNE project, as documented
in the provided research materials. These resources are essential for the ongoing development
and preparation for the DUNE experiment. The benchmarks offer crucial performance metrics,
the software artifacts enable vital simulation, reconstruction, and analysis capabilities, and the
datasets serve as fundamental resources for training and validating the next generation of
analysis algorithms.

The continued development and refinement of these machine learning-related tools and
resources are vital for enabling DUNE to achieve its ambitious scientific objectives. The
integration of advanced computational techniques, particularly machine learning, is poised to
play a critical role in the success of this groundbreaking experiment, facilitating the extraction of
meaningful insights from the vast and complex datasets that DUNE will generate. Further
exploration of the presentations and papers referenced in the materials, as well as the
investigation of repositories like larrecodnn, would likely provide even more granular details
about the ongoing advancements in this dynamic field within the DUNE collaboration.

Works cited

1. Exploring the Quantum Universe Pathways to Innovation and Discovery in Particle Physics,
accessed March 15, 2025,
https://www.usparticlephysics.org/2023-p5-report/assets/pdf/2023_P5_Report_Spreads.pdf

2. indico.fnal.gov, accessed March 15, 2025,

https://indico.fnal.gov/even ntributions/249571/attachments/159415/2 mputin
g_CDR_5Sept2022.pdf

3. Applications and Techniques for Fast Machine Learning ... - Frontiers, accessed March 15,
2025, https://www.frontiersin.org/journals/big-data/articles/10.3389/fdata.2022.787421/full

4. indico.fnal.gov, accessed March 15, 2025,
https://indico.fnal.gov/event/66520/contributions/301423/attachments/182439/250508/fast ml_d

unedag_sonic_10_15_24.pdf



https://www.usparticlephysics.org/2023-p5-report/assets/pdf/2023_P5_Report_Spreads.pdf
https://indico.fnal.gov/event/56055/contributions/249571/attachments/159415/209586/Computing_CDR_5Sept2022.pdf
https://indico.fnal.gov/event/56055/contributions/249571/attachments/159415/209586/Computing_CDR_5Sept2022.pdf
https://www.frontiersin.org/journals/big-data/articles/10.3389/fdata.2022.787421/full
https://indico.fnal.gov/event/66520/contributions/301423/attachments/182439/250508/fast_ml_dunedaq_sonic_10_15_24.pdf
https://indico.fnal.gov/event/66520/contributions/301423/attachments/182439/250508/fast_ml_dunedaq_sonic_10_15_24.pdf

	Catalog of Benchmarks, Software, and Datasets for the DUNE Project's Fast Machine Learning Initiatives from Gemini 
	1. Introduction 
	2. Detailed Catalog of DUNE Artifacts 
	3. Summary and Initial Observations 
	4. Conclusion 
	Works cited 



