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Generative Models Physics

https://mit-genai.pubpub.org/pub/ewp5ckmf/release/2 
This talk is a summary of this GenAI paper 

It is a summary of this workshop  
https://iaifi.org/generative-ai-workshop.html#speakers  

https://mit-genai.pubpub.org/pub/ewp5ckmf/release/2
https://iaifi.org/generative-ai-workshop.html#speakers
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What Is the Potential Impact of 
Generative AI in the Physical Sciences?

A simplified example 
built on some recent 

research of mine



• We are going to discriminate a happy face form a sad 
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Lets illustrate a tagger

vs



• We are going to discriminate a happy face form a sad 
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Lets illustrate a tagger

vs

• They will vary in color, signal will be in center of spectrum
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Signal

Mass

Signal

We don’t know where it will be 
Color blinding is the key 

Telling an NN to be blind is hard











• By making sure our network was mass neutral  

• We could suddenly extract processes that were not possible
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Physics Results

B-quark decaysOther quarks

CMS-EXO-24-007
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Anomaly detection

What about all of 
this other stuff
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Take Objects & Modify slightly

Image Augmented 
Image

Can we generalize this? 
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Take Objects & Modify slightly
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Minimize
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Maximize
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A space
Out of this task order 
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19Whats the right 
augmentation?

Shift in X or Y direction  
In our Original Space

Should give same result 

Embedding translation symmetry invariance  
as a learning strategy 
This also makes us colorblind

Noether’s theorem
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In Action

Latent Dim #1
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Re-simulation
Cats

Dogs

Higgs

Quarks and 
Gluons

Arxiv:2403.07066
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Embedded Space

Despite Not knowing  
what a Higgs quark 
or gluon is 
We build a space

Embed in 8D

Compactified

Arxiv:2403.07066Arxiv:2403.07066
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Accelerating and Leveraging Simulations 
and Calculations for Scientific Discovery

Lattice QCD Calculations

Generating  
New Molecules  
And Folding correctly



26Enhancing Anomaly Detection 
and the Search for New Physics

Key Insights 
11D space  
Correlation 
BBH Prob 
Others  
Total Score

Anomaly Detection  
For LIGO

Many Models All in One Go 
Automating physics searches 
by imposing all the rules of 
physics and searching for any 
type of devaition
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AI-Assisted Theory Discovery
Prospect of LLMs is making it possible to perform many theoretical  calculations

https://arxiv.org/pdf/2502.15815 

https://arxiv.org/pdf/2502.15815
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AI-Assisted Theory Discovery
Prospect of LLMs is making it possible to perform many theoretical  calculations

https://arxiv.org/pdf/2502.15815 

https://arxiv.org/pdf/2502.15815


29Foundation Models for the 
(Physical) SciencesNew structures 

Allow us to solve 
Many downstream   
Tasks in one big training 

https://arxiv.org/pdf/2404.02973 

https://arxiv.org/pdf/2404.02973


30Foundation Models for the 
(Physical) Sciences

Sharing of different types of 
data formats can be 
embedded in one network

https://arxiv.org/abs/2310.03024 Substantial Improvements 
Are present from this

https://arxiv.org/abs/2310.03024


31What Are the Pathways for 
Contribution from the Physical 

Sciences to Influence Generative AI?

Revival of Neural Networks started 
when Hopfield used a Spin-Glass 
model to learn
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Physics-Inspired Hardware 
for Generative AI

Photonics processing can lead to very significant speedups in ML 
processing through the use of Light to perform ML infernece
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Physics-Inspired Hardware 
for Generative AI

Computing demands at the 
LHC has led to a new software 
to program optimized, ultrafast 
NNs on Chip
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Physics-Inspired Algorithms 
for Generative AI

A more modern example comes 
from diffusion, which came 
straight out of physics
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Theoretical Foundations of AI 
through the Lens of Physics

Using Physics symmetries to improve minimization strategies  
And Ensure minimal convergence of models 

https://arxiv.org/pdf/2105.02716 

https://arxiv.org/pdf/2105.02716
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Theoretical Foundations of AI 
through the Lens of Physics

Considering scaling laws as a model for information complexity 
Understanding thermodynamic properties/Scaling behavior 

https://arxiv.org/pdf/2001.08361 

https://arxiv.org/pdf/2001.08361
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Algorithmic Developments 
Driven by Physics Applications

Modeling of Complex stats of matter 

Modelling of complex matter states (crystals other molecules) led to 
a need for NNs that respect rotational equivariance 

https://arxiv.org/pdf/2101.03164 Rotational Equivariance

https://arxiv.org/pdf/2101.03164
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Algorithmic Developments 
Driven by Physics Applications

https://iopscience.iop.org/article/10.1088/2632-2153/aced80 

Smooth functional forms, and positive turn-on curves for 
extrapolating physics behavior needed for LHC algorithms

Lipshitz continuous 
neural networks

https://iopscience.iop.org/article/10.1088/2632-2153/aced80
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What Is Needed from a Community 
Perspective to Achieve These Impacts?
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Creating Viable Career Pathways 
for Interdisciplinary Researchers

https://www.schmidtsciences.org/schmidt-ai-in-science-postdocs/ 

https://iaifi.org/fellows.html 

https://www.schmidtsciences.org/schmidt-ai-in-science-postdocs/
https://iaifi.org/fellows.html
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Creating New Spaces for 
Interdisciplinary Work and Collaboration

https://aiscienceconference.caltech.edu/ 

https://ml4physicalsciences.github.io/2024/ 

https://www.nsfhdr.org/mlchallenge https://fair-universe.lbl.gov/ 

https://aiscienceconference.caltech.edu/
https://ml4physicalsciences.github.io/2024/
https://www.nsfhdr.org/mlchallenge
https://fair-universe.lbl.gov/
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Developing New Models for 
Academia–Industry Partnership

Joint Industry/Academic ML 
Challenges 

Consortiums like MLCommons 
serve as a forum for unbiased 
communication
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The Role of Education in Fostering 
Interdisciplinary Research

There is a need for 
interdisciplinary classes 
targetting the joint skills 
needed for research

MIT 8.16/8.316

Computational Data Science in Physics

Joint degrees that 
provide the skillsets 
and qualifications for 
interdisciplinary work
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Ethical Considerations

Removing Bias in ML for 
physics is often objective 
Leads to robust results 

The same cannot be said 
for other domains

Larger and growing 
power consumption from 
larger AI 
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Conclusions
• Facilitating scientific discovery in physics 

• Generative AI offers a powerful set of tools  

• Physics provides a rich set of abstractions and methods for new AI 

• Realizing the full potential of generative AI in physics requires 

• Addressing the unique challenges posed by physics   

• Robustness, precision, and interpretability needs bespoke algos 

• An opportunity for the physics community to drive AI 

• Unique computational challenges historically pushed developments 

• Viable long-term career pathways at intersection of AI and physics 

• May involve rethinking traditional structures and tenure processes
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Conclusions
• Fostering collaboration across disciplines is crucial 

• Revisions to departmental structure/interdisciplinary venues 

• Education is a critical component in preparing future researchers 

• Interdisciplinary AI and Physics educational programs 

• New models for partnership between academia and industry 

•  Ensure advances in gen-AI for physics propagate and vice-versa 

• Partnerships can facilitate knowledge-sharing & resource access 

• Articulating a clear and compelling vision for future of AI in physics
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Thanks!


