
AI Reasoning for 
Theoretical Physics

Yurii Kvasiuk
UW-Madison

AI4EIC, IAIFI, 29th of October 2025



TPBench https://tpbench.org/

Moritz Münchmeyer - faculty, Physics

Tianyi Li - grad student, Physics

Zhiqi Gao - grad student, CS

Yurii Kvasiuk - grad student, Physics

Maja Rudolph - faculty, Statistics

Fred Sala - faculty, CS

Daniel Chung - faculty, Physics

Sai C. Tadepalli - postdoc, Physics

Nate Woodward - grad student, Physics

https://tpbench.org/


Outline

● Motivation
● TPBench project
● Test time scaling techniques
● Ongoing and Future Directions



Large Language Models are capable of reasoning







…however, this is exactly how research happens

● Progress happens with time (longer and longer)
● Researchers use tools (in theoretical physics - CAS, code, simulations 

…)
● Researchers work together and communicate
● Progress often happens from the understanding and synthesis of 

large amounts of information

It’s interesting to evaluate current capabilities of AI in research 
(so far it has been extensively evaluated mostly on competition 
math problems)



“FrontierMATH” - AI benchmark of research math

SOTA 2% in Nov 2024!

o3 scores 25% few 
months later  
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● Uncontaminated
● Novel problems
● Range of difficulty
● Open to community
● Autoverifiable 
● Diverse

https://tpbench.org/

https://tpbench.org/


We aim to expand to include a broader range of domains



Autoverification pipeline

We formulate the problems such that the answers can be given by an 
executable Python function (inspired by coding competition).



Limitations (and ongoing efforts to overcome them)

Currently, only the algebraic expressions are supported, however we also need

● Tensors
● Abstract Operators
● Integrals, differential forms
● manifolds



Currently solved by SOTA models, 
but that wasn’t the case a year ago!





RL finetuning drastically 
increases model’s abilities 
to solve problems!

Get updates at tpbench.org





Contact us if you want to collaborate / contribute
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Test-time scaling - a set of techniques to increase 
performance at inference time

● Parallel - generate many solutions then 
choose the best one according to “some 
rules”

● Sequential - work on the same solution 
during a prolonged period of time

● Search and Agentic methods (e.g. 
solution tree, ensemble of llms working 
together) 

“Tree of thought” 2305.10601



Test-time scaling - a set of techniques to increase 
performance at inference time

● Parallel - generate many solutions then 
choose the best one according to “some 
rules”

● Sequential - work on the same solution 
during a prolonged period of time

https://arxiv.org/abs/2506.20729 (accepted at NeurIPS ML4PS 2025)

https://arxiv.org/abs/2506.20729


Parallel scaling

Generate N responses to the same question and pick 1 by

● Choosing the most common answer (majority vote)
● Asking the LLM to verify the solution (weak verifier)
● Verifying steps with a SymPy agent (symbolic weak verifier)

The upper bound of all the approaches is best of N (i.e. TTS can only find the 
correct solution given it is present in the sample pool)



Results



Example



Verifier Limitations

The efforts to 
expand the 
domain of 
verifier are 
ongoing! 



Ongoing and Future Directions

● Expanding the benchmark
● Exploring better test-time scaling methods
● Improving tool usage 
● RL finetuning and process reward
● Agentic reasoning



Thanks!


