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Outline
• Types of Machine Learning

– `narrow AI’ (regression, classification...)
– `proto-AGI’ (agentic stuff)

• Agentic scientific workflows
–  HEPTAPOD (HEP Toolkit for Agentic 

Planning, Orchestration & Deployment)
– Agentic Diagrammatica
– Other examples in: 

• E. Moreno’s plenary talk this morning
• Talks in this and the previous session

• Pressing tasks in agentic AI
– Benchmarking
– Harnessing/Safety

• Public Service Announcements
– Agentic AI BSM workshop, Fermilab
– CLARIPHY Meeting, Madison WI
– US AI Theory whitepaper

Source:  INSPIRE
Keywords: AI,ML,DL

Compiled by T. Menzo (last week)



Data Science in STEM 
http://drewconway.com/

ValidationAutomation
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The Tasks of a High-Energy Theorist 

CalculatingProgramming

Model Building



Time Spent by a High-Energy Theorist 

Model Building

CalculatingProgramming



Enter LLMs

I am an expert I’m not sure 
how to do

Enjoyable X X

Boring Yes! X

Activity Type



Agentic programming
• Modern LLMs are

– Pretty reliable compressions of human knowledge
– Becoming very powerful
– Evolving rapidly

• Agent: Given context Ct at a decision step t, and an action 
At selected from and action space, an agent is a system 
that implements a conditional distribution over actions, 
p(At|Ct) and is embedded in a feedback loop such that 
executed actions influence future context.

Traditional programming

• Specify how to do something
• Scripting
• Control flow is explicit and 

tractable.

Agentic programming

• Specify what to do
• Prompt engineering
• Control flow is non-

deterministic



The simulation pipeline in HEP

• Symmetries
• Representations
• Fields (basis)
• Lagrangian
• Aesthetics

• Resolution
• RecoObjects
• Histograms
• Backgrounds
• Selection cuts
• ROC curve
• Error analysis

• RGEs
• Vacuum structure
• Mass spectrum
• Feynman rules
• Feynman diagrams
• Cross sections (rates)
• Branching fractions (rates)
• MC event generation
• Fragmentation
• Hadronization
• Higher Order Corrections

See talk by
Theo Heimel



Agents to the rescue
• HEPTAPOD (HEP Toolkit for Agentic Planning, Orchestration & Deployment) 

Menzo, Roman, KM, Gleyzer, Fleming, Hoche, Mrenna, Shyamsundar 2025

2512.15867 [hep-ph]

See also D. Schiller’s talk on MadAgents



How does the agent work?
HEPTAPOD: A HEP-focused toolkit for
agentic programming that integrates
LLMs into HEP workflows spanning
theoretical calculations, simulation, and
data analysis.

• Define workflows at the level of 
physics intent, not scripts

• Query particle properties, literature, 
and unit conversions

• Execute multi-stage pipelines using 
run-cards and filesystem tools

• Equipped with tools like to-do lists 
and terminal access

• Approval hooks preventing 
misbehavior 

• Fully reproducible, auditable logs
• Built on the Orchestral AI engine 

[Roman&Roman 2601.02577]

Menzo, Roman, KM, Gleyzer, Fleming, Hoche, Mrenna, Shyamsundar 2025

See also A. Upadhyay’s talk on Ariadne



Menzo, Roman, Fleming, Gleyzer, KM, Mrenna, 2026

• “Agentic Diagrammatica”: additional tools for 
– Naïve dimensional analysis of any number of tree-level Feynman diagrams
– Exact diagrammatic analysis for tree-level symbolic calculations



Pictures from the agent in action 





A Giant Table
Menzo, Fleming, KM, Mrenna, Roman 2609.00107
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See also S. Schweitzer’s talk on ColliderBench



Menzo, Roman, Fleming, KM, Mrenna (preliminary)



Kasparov’s law: “A weaker player with an ordinary machine can beat 
a stronger player with a faster machine if they leverage synergy effectively. 
This principle extends beyond chess.”



AI in US HEP theory and experiment - I

Extended version for the arXiv 
coming soon…

2026 tim
eline

G E N E S I S    M I S S I O N   (PHASE 1 proposals)



AI in US HEP theory and experiment - II

2026 tim
eline

Blueprint workshop - Towards a National-Scale
 AI Collaboration in HEP, May 18-19, DC

G E N E S I S    M I S S I O N: PHASE 1 awards announced   

Agentic AI for BSM Event Generation 
and Analysis Workshop, 

Fermilab LPC, September 9-11 2026

APS DPF Meeting, 
Fermilab, July 20-24 2026

ML4Jets Conference, 
University of Vienna,

Vienna, September 14-18 2026

CLARIPHY 
AI Collaboration Meeting, 

Madison, September 14-16 2026

Action item: endorse the US AI Theory blueprint white paper



64 participants, mostly remote
https://indico.fnal.gov/event/75639/









AI-Accelerated Discoveries Through Particle Theory

• Science tasks for AI agents
– Forward problem: theory building from first principles, predictions
– Inverse problem: theory discovery from experimental data

• Roles for AI agents
– Supervised research assistant: proofs, simplifications, optimizations, … 
– Autonomous scientific assistant: calculations, simulations, data analysis
– Autonomous scientist: hypothesis generation and testing, orchestration

• Application areas
– Formal theory: hidden mathematical relations
– Monte Carlo simulations and sampling
– Hypothesis testing and inference
– Symbolic regression
– Quantum circuit optimization and algorithm construction
– …

Fleming, Hackett, Halverson, Hobbs, Hoeche, KM, Mrenna, Nachman, Shyamsundar, Shih, Thaler, Zupan 2026



Summary and Outlook
• AI (LLMs) are now ubiquitous in science and in everyday life.

– There is still (lots of) room for narrow AI applications in HEP
• Bold prediction: all talks at ML4Jets 2028 will use agentic AI.
• Where do we go next? Three questions:

– Can we teach AI routine research tasks?
– Can we teach AI high-level thinking? What is the           for HEP theory?
– How do we integrate AI and quantum?

• Mark your calendars: ML4Jets 2028
Knipfer,Roman,Gleyzer,KM,Matcheva (2026)

ML4Jets2028 @ The University of Alabama

Community tool repository?



BACKUPS





Agentic AI for quantum algorithm discovery

• Let us set up a similar agentic framework to design, 
simulate, and evaluate variational quantum circuits
–  Tasks: Gaussian regression, EQGNN for quark-gluon tagging

• Benefits of agentic AI for quantum algorithm discovery:
– automation of the trial-and-error process of VQC design
– exploration of unconventional architectures without human bias
– ability to quickly iterate and refine designs based on performance 

feedback.

Knipfer, Roman, KM, Matcheva, Gleyzer 2026



High Energy Physics has (Lots of) Data

2202.07659



The AI Map

V. Osaulenko (2020)


