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DOE Genesis Mission
Keywords from all funded HENP Genesis Mission Phase I Award
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Outline

• SS/MS Separation in Liquid Scintillator: The low-hanging Fruit 

• Foundation Model for Large-Scale Detector: One model for all 

• An AI-Ready Datasets and Benchmarks: Comparing Apple to Apple 

• Fast ML on FPGA: The next-generation DAQ system 

• LLM and AI Agent: Automating everything in close-loop

AI/ML directions relevant to Liquid Scintillator Detector
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TL;DR: AI/ML can achieve Single-site vs. Multi-site classification in Monolithic Liquid 
Scintillator Detector

KamNet [Phys. Rev. C 107, 014323] shows that in KamLAND-
Zen, neural networks can separate β events from 𝛾 events 

• SNO+ has a likelihood-based method for SS vs. MS 
classification 

This is a new background rejection channel, independent 
and multiplicative to coincidence tagging 

• Adapted in KLZ 0vββ results [Phys. Rev. Lett. 130, 
051801 (2023); Phys. Rev. Lett. 135, 262501 (2025)] 

• Combine with coincidence tagging method to 
further reduce long-lived spallation products 

In our new work on DSNB search [Accepted by ApJ], we use 
KamNet to improve neutron tagging  

• Application beyond 0vββ

SS/MS Separation in Liquid Scintillator: The low-hanging Fruit

To harness this benefit, we need to create the best ML 
model architecture for this task4



Foundation Model for Large-Scale Detector: One model for all
TL;DR: one model, many data, different task
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Foundation Model for Large-Scale Detector: One model for all
TL;DR: Foundation model for LArTPC and Water Cherenkov [https://arxiv.org/pdf/2609.00611]

Credit: Kazuhiro Terao

Foundation model benchmarked on LArTPC, sPHENIX, and Water Cherenkov Datasets
6

https://arxiv.org/pdf/2609.00611


Foundation Model for Large-Scale Detector: One model for all
TL;DR: Multimodal Foundation Model for different 0vββ detectors [Submitted to ICLR 2027]

Genesis Mission Phase I Award: lead PI Zepeng Li [U. Hawaii Manoa]

Open, AI-Ready datasets from 4 0vββ experiments 

Created 2 benchmarking metrics: 
• AUCw: Energy-matched ROC AUC 
• I: energy independence score 

Tested different geometric ML models vs a unified 
transformer approach

Monolithic Liquid Scintillator Detector is missing from 
this table due to lack of Open, AI-Ready Datasets
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An AI-Ready Datasets and Benchmarks: Comparing Apple to Apple
TL;DR: the Monolithic Liquid Scintillator detector community needs an Open, AI-Ready Datasets 
and Benchmarks
Why do we need this datasets? 

• Allowing different collaborations/experiments to compare their AI 
model Apple-to-Apple 

• Reserve us a seat in the increasing trend of HENP foundation 
model 

A few key decisions to make: 
• What data? Simulation is okay, real data better 
• What input? Point Cloud/Graph vs. Spatiotemporal 
• What task? SS vs. MS Classification, Energy Regression, others 

Within the KamLAND-Zen collaboration, we have one such dataset, but 
it’s not open to the public

If any experimental collaboration is interested in creating 
this dataset, I’m happy to talk and provide insights.
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Fast ML on FPGA: The next-generation DAQ system
TL;DR: deploying AI algorithms onto the DAQ system 

[NeurIPS ML4PS 2024, https://arxiv.org/abs/2410.02991]

Simulation True Vertex 
RFSoC Output

Simulation True Energy 
RFSoC Output

~0.5s

RFSoC-4x2 FPGA

💥

Current goal: significantly pushing down the inference latency 
from 0.5s to sub-ms level
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Fast ML on FPGA: The next-generation DAQ system
TL;DR: deploying AI algorithms onto the DAQ system 

FastML For Science Conference 2026 at UCSD 
[https://indico.cern.ch/event/1654479/overview]

NSF A3D3 Institute 
[https://a3d3.ai/]

FastML Foundation 
[https://fastmachinelearning.org/]

FastML is a large community 
• LHC, EIC and DUNE has significant investment in this 

direction 
• Genesis Mission Phase I Award: Lead PI Wei Xie [Purdue]

• Genesis Mission Phase I Award: Lead PI Kate Scholberg [Duke]

• Genesis Mission Phase I Award: Lead PI Keith Ulmer [U. Colorado] 

• LEGEND has started in this direction recently 
• Genesis Mission Phase I Award: Lead PI Richard Saldanha [PNNL]

• Deploying ML algorithms onto FPGA for real-time data cleaning 

• KamLAND-Zen has been funded by NSF to investigate in this 
direction 
• BU, VirginiaTech, UPenn, UCSD, U. Hawaii 
• ML algorithms for real-time neutron tagging, position/ energy 

reconstruction, and more
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LLM and AI Agent: Automating everything in Close-Loop
TL;DR: Large Language Model can orchestrate different tools and do research on its own

LLM Agents for Auto-ML
From Chat Model to Agent

31

AI Scientist: End-to-end Auto ML Research 

Latest achievement:  $15 per workshop paper on top AI conferences 11



LLM and AI Agent: Automating everything in Close-Loop
TL;DR: SIDERIUS is an resource-aware AI agent for scientific tasks 

[Github: yuema137/SIDERIUS ; Paper: https://zenodo.org/records/23071121]

Genesis Mission Phase I Award: Lead PI Aobo Li [UCSD]

SIDERIUS is completely open source and works on any types of input 
data & Task, people without ML experience can use it to build AI model!
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Summary
• SS/MS Separation in Liquid Scintillator:  

The low-hanging Fruit: A demonstrated pathway about how AI can help 

• Foundation Model for Large-Scale Detector: 

One model for all: there is an increasing interest in HENP about  Multimodal Foundation 
Model 

• An AI-Ready Datasets and Benchmarks:  

Compare Apple-to-Apple: Identified the best model for SS/MS separation 

Secure our seats in the HENP foundation model trend 

• Fast ML on FPGA:  

The next-generation DAQ system: established research direction we could benefit from 

• LLM and AI Agent: 

Automating Everything in Closed Loop: SIDERIUS can design algorithm by itself 

LLM and Agent is a tool to “glue everything together”

AI/ML directions relevant to Liquid Scintillator Detector
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Personal Website: 
https://aobol.github.io/

AoboLi/

Email Address: 
aol002@ucsd.edu

Thanks to Funding 
Agency that Support 

Our Group!
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