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Enhanced simulations for Quantum Chromodynamics

The Challenge: Simulating the strong nuclear force (QCD) on spacetime lattices requires strict adherence to physical gauge 
symmetries. Standard AI models fail because they don't "understand" these mathematical laws.

The Innovation: We developed L-CNNs – a pioneering neural network architecture that inherently respects gauge symmetries. 
This framework enables AI to accurately predict fundamental particle properties.
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Next-Gen Generative AI: We combine L-CNNs with 
cutting-edge Diffusion Models and fixed-point actions 
to approach state-of-the-art lattice precision, scaling 
gluon configurations on the VSC, MUSICA, and 
European Leonardo supercomputer clusters.
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Optimizing the neural network with OpenEvolve

The Bottleneck:  Standard 
implementations of lattice gauge 
equivariant CNNs (L-CNNs) are 
highly memory intensive.

The AI Innovation: We combine 
OpenEvolve with LLMs 
(Qwen-3.5-397b) to automatically 
generate complex code 
optimizations such as caching, 
loop strip-mining, and pre-
computation.

The Impact: Replaces manual tuning with automated LLM optimization, recovering 
maximum hardware performance without introducing memory overhead.
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The Paradigm Shift: While industry builds AI 
for text, physics requires Large Physics 
Models (LPMs) that inherently integrate 
theory simulations, empirical data, and 
fundamental laws across subatomic and 
cosmic scales.

Autonomous AI Agents: The next frontier 
introduces physics-driven AI Agents capable 
of reasoning, automating complex workflows, 
and independently accelerating theoretical 
discoveries through interdisciplinary 
collaboration.

Proof of Concept: Our research 
demonstrates that transformers can learn the 
“language” of theoretical physics to generate 
particle physics Lagrangians, supported by 
student projects on post-training LLMs for 
advanced problem-solving.

Large Physics Models & Autonomous Agents
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TU Wien as the Austrian Hub: Representing Austria in these key consortia, our institute actively drives the European AI road-mapping, 
linking local cutting-edge research—from subatomic lattices to cosmological scales—directly to the international community.
 
S. Caron, A. Ipp, G. Aarts, et al., Mach. Learn. Sci. Tech. 7, no.1, 013002 (2026)

The Mission: Fundamental physics 
faces unprecedented data challenges at 
next-generation facilities (like HL-LHC, 
FAIR, LISA, and Euclid). EuCAIF, the 
brand-new COST Action AIFORIA 
(2026–2030), and the SCIANCE 
initiative within RAISE form the 
premier European platforms to unite 
theoretical, experimental, and 
observational AI research horizontally 
across disciplines.

European Networks in Fundamental Physics and AI
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Summary

Optimize Neural Networks

Towards Large Physics Models

Participation in European Networks

Enhance Quantum Chromodynamics Simulations
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