
Large Physics Models & 
Autonomous Agents
Research Group: Andreas Ipp (T. Ranner)

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.
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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.
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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.

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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Structure Identification via 
Geometric Learning
Research Group: Carina Karner

AI-assisted characterization of complex 
porous architectures and self-assembled 
triangle systems.

The Challenge: Thermal motion, 
defects, and complex disorder make it 
incredibly difficult to automatically 
detect microscopic structures in soft 
materials like gels, glasses, or self-
assembled DNA nanostructures.

The AI Edge: This project develops 
geometric machine-learning methods 
that respect physical symmetries 
(rotation, translation) to automatically 
map out local order, defects, and 
emerging structural motifs from 
particle trajectories. 
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AI Design for Quantum 
Communication
Research Group: Florian Libisch (Fredrik Eriksson)

based neural network learns the atomic forces. This accelerates the 
simulation exponentially, making it possible to understand and control 
these disruptive vibrations for the first time.
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Quantum-Accurate Crystals via 
Delta-Machine Learning
Research Group: Andreas Grüneis

provide the mathematical forces needed for simulations. 

The AI Solution: A “Delta-Learning” workflow trains the MACE neural 
network only on the difference between the fast and the precise method, 
yielding quantum-chemical accuracy at a fractional cost.  

S. Schönbauer, A. Grüneis et al., arXiv:2507.06929 (2025) 
S. Schönbauer & A. Grüneis, Presented at IWEPNM Lausanne / TACO (2024/2026)

From Information Theory to Next-Generation Hyperspectral AI
Research Group: Stefan Rotter
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The Innovation: Applying these theoretical limits allows for an innovative “Snapshot 
Hyperspectral AI” approach. While humans and standard cameras only see three color 
channels (RGB), this technology reconstructs a vast spectrum of light in a single shot in 
real-time.

The Commercial Potential: This invention forms the foundation for an upcoming deep-
tech spin-off. Backed by a recently accepted FFG funding project, the team is 
translating this framework into real-world industrial application. By seeing “the invisible,” 
the AI-guided camera enables high-speed quality control – from detecting spoiled food 
in precision agriculture to industrial component inspection.

The Foundation: How does information 
actually flow through complex media and 
artificial neural networks? Recent 
fundamental research utilizes the Fisher 
Information and Cramér-Rao bound to 
mathematically track and optimize the 
ultimate limits of what an AI can detect.

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.

The AI Frontier: The networks focus on 
developing science-specific AI that incorporates 
trustworthy uncertainty estimation, scalable 
tooling, physics-aware symmetries, and 
autonomous AI agents to enable discoveries 
beyond classical limitations.

Data-Driven Force Inference in 
Soft Matter
Research Group: Emanuela Bianchi (Florian Benedetti)
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The Goal: Single-light particles (photons) are the 
backbone of secure quantum technologies. They are 
generated by creating intentional atomic defects in 
ultra-thin, 2D “Lego-like” materials (WSe2).

The Problem: Local atomic 
vibrations (phonons) disturb this 
light emission. Accurately
simulating these vibrations requires 
large scale atomic structures, 
beyond traditional ab-initio 
electronic structure approaches.

The AI Solution: A modern, graph-

The Goal: Simulating the atomic 
vibrations (phonons) in solid 
crystals like diamond or LiH is 
essential to predict thermal and 
structural properties. 

The Problem: Standard 
simulations (DFT) are often not 
accurate enough. High-precision 
quantum chemistry methods 
(Coupled-Cluster theory) are 
perfect, but too slow and do not 

The Challenge: Modeling complex 
interactions in soft matter involves a 
massive web of competing effects, 
including activity, depletion, electrostatics, 
thermal noise, and hydrodynamics.

The Bottleneck: Traditional analytical 
models struggle to isolate these 
overlapping forces simultaneously from 
raw experimental or simulation data.

The AI Innovation: A model-agnostic, 
data-driven framework directly infers these 
complex interaction curves from particle 
Brownian trajectories without prior 
physical assumptions.


