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Nuclear Physics
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Al In Nuclear Physics

e Analysis and Modeling

Data analysis and
modelling

e Data Processing and
Management

Facility operation

e Experimental Design
and Optimization
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State of the Art / Ongoing Efforts



Analysis & Modeling

ML in nuclear theory

Bayesian model averaging, see L. Neufcourt et al., Phys. Rev. Lett. 122, 062502 (2019)
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Data Processing and Management
ML for event and particle identification
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Experimental Design
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Facility Operation
ML in accelerator operation

diagnostics
frecars ruct | analyre Beam)

anomaly detection
failure prediction

automated control
+ optimization

py o RS g

250 MeV “ 4.3 Ge! 4 GeV undulator
/ f \.
it e e e extract unexpected
) phys|c$ I reladonships
information _L m— (Feed into comtral | designd

digital twins + online modeling

| pdarsning, model-bated contral, feding diferences between smimochine)

Image courtesy of A. Edelen, SLAC, USA

#Al4Atoms Technical Meeting on Artificial Intelligence for Nuclear Technology and Applications



Facility Operation

ML in accelerator operation

Starting beam Al-informed beam design

Neural Network start point Extremum seeking Gaussian Processes
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Machine-learning-based tuning in seconds Hand tuning by expert in 10-20 min
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Cross-cutting Needs and Next Steps



Cross-cutting Needs

« Nuclear Science Drivers
o Real-time systems
o Uncertainty quantification in Al

NUCLEAR THEORY
& Comelatons and prdichons

. Education efforts
o Al-focused summer schools
and workshops
o Interdisciplinary funding
o Positions R
o Research & Development s
o Production/deployment efforts
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Cross-cutting Needs

Ongoing

« Nuclear Science Drivers
o Real-time systems
o _Uncertainty quantification in Al

NUCLEAR THEORY
& Comelatons and prdichons

Next steps

. Education efforts
o Al-focused summer schools
and workshops |
« Interdisciplinary funding ——
o Positions o
o Research & Development AND OPERATIONS
o Production/deployment efforts

#Al4Atoms Technical Meeting on Artificial Intelligence for Nuclear Technology and Applications



Accelerating Progress—IAEA’s Role

« Nuclear Science Drivers
o Real-time systems
o Uncertainty quantification in Al

« Sponsorship of community efforts
o Data challenges / hackathons
o Online resource center
= Living review of Al in nuclear physics
= Nuclear physics- based benchmarks
= Datasets
= Event listing

. Workforce development

o Established summer schools

o Internships and fellowships
 Interdisciplinary coordination

o Networks

o Coordinated research activities

o Standards on non-expert controlled research
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Accelerating Progress—IAEA’s Role

Nuclear Science Drivers: Real-time optimization at
o Real-time systems AWAKE
o Uncertainty quantification in Al
Sponsorship of community efforts
o Data challenges / hackathons
o Online resource center
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Workforce development
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Accelerating Progress—IAEA’s Role
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Accelerating Progress—IAEA’s Role

« Nuclear Science Drivers: i TR e
o Real-time systems
o Uncertainty quantification in Al

. Sponsorship of community efforts
o Data challenges / hackathons

A Living Review of Machine Learning for Particle Physics

- Onlineresource center .
= Living review of Al in nuclear physics e e s ey s
= Nuclear physics- based benchmarks

= Datasets
= Event listing

. Workforce development

o Established summer schools

o Internships and fellowships
 Interdisciplinary coordination

o Networks

o Coordinated research activities

o Standards on non-expert controlled research
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Accelerating Progress—IAEA’s Role

« Nuclear Science Drivers:
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Accelerating Progress—IAEA’s Role

« Nuclear Science Drivers:

o Real-time systems
o Uncertainty quantification in Al
« Sponsorship of community efforts

o Data challenges / hackathons _
o Online resource center

= Living review of Al in nuclear physics
= Nuclear physics- based benchmarks
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Expected Outcomes

Acceleration of Standards for non-

scientificdiscovery

Workforce
development

export controlled
research

Easieraccessto
Data standards information

Improved beam quality Common reporting Engagement with
standards adjacentfields
Increased beamtime / Reproducibility
more experiments
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More high-quality
data
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