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● Analysis and Modeling

● Data Processing and 
Management

● Experimental Design 
and Optimization

● Facility Operation

AI in Nuclear Physics
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State of the Art / Ongoing Efforts



Analysis & Modeling
ML in nuclear theory
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Data Processing and Management
ML for event and particle identification
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Experimental Design
ML for experimental design
Multi-object optimization
→ study performance of 

design choices
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Facility Operation
ML in accelerator operation
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Facility Operation
ML in accelerator operation
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Starting beam AI-informed beam design

Neural Network start point Extremum seeking Gaussian Processes

Hand tuning by expert in 10–20 minMachine-learning-based tuning in seconds



Cross-cutting Needs and Next Steps



● Nuclear Science Drivers
○ Real-time systems
○ Uncertainty quantification in AI

● Education efforts
○ AI-focused summer schools

and workshops
● Interdisciplinary funding

○ Positions
○ Research & Development
○ Production/deployment efforts
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Ongoing

Next steps



● Nuclear Science Drivers
○ Real-time systems
○ Uncertainty quantification in AI

● Sponsorship of community efforts
○ Data challenges / hackathons
○ Online resource center 

■ Living review of AI in nuclear physics
■ Nuclear physics- based benchmarks
■ Datasets
■ Event listing

● Workforce development
○ Established summer schools
○ Internships and fellowships

● Interdisciplinary coordination
○ Networks
○ Coordinated research activities
○ Standards on non-expert controlled research

Accelerating Progress—IAEA’s Role 
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Real-time optimization at 
AWAKE
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Expected Outcomes
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Easier access to 
information

Increased beamtime / 
more experiments

Workforce 
development

Common reporting 
standards

Engagement with 
adjacent fields

Data standards

Reproducibility

Improved beam quality

More high-quality  
data

Standards for non-
export controlled 

research

Acceleration of 
scientific discovery
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