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Introduction

Interest in AI’s role in theoretical physics has sparked with several workshops
Theory + AI Workshop: Theoretical Physics for AI Apr 9-11, 2025
AI Reasoning in Theoretical Physics, May 24-June 14, 2026
EuCAPT Rapid Response Workshop on AI Agents in Theoretical Physics
Research, Jun 10, 2026

and talks/discussions
Training Sand to Think : Artificial General Intelligence and the Future of
Science | Adam Brown
Physics Panel - Accelerating Math and Theoretical Physics with AI - IPAM
at UCLA
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https://events.perimeterinstitute.ca/event/993/overview
https://aspenphys.org/event/ai-reasoning-in-theoretical-physics/
https://indico.fysik.su.se/event/9730/
https://indico.fysik.su.se/event/9730/
https://www.youtube.com/watch?v=Rs5_Q7nUVQ8
https://www.youtube.com/watch?v=Rs5_Q7nUVQ8
https://www.youtube.com/watch?v=chMdygrfhvI
https://www.youtube.com/watch?v=chMdygrfhvI


Concepts/techniques

Reasoning/test-time scaling: Instead of answering immediately, the model
spends extra inference-time effort exploring intermediate steps and
candidate solution paths.
RAG (Retrieval-Augmented Generation): Access to papers and notes
makes AI far more reliable than only training data.
CoT (Chain-of-thought prompting): Encourages explicit multi-step
reasoning, which helps with long derivations and structured theoretical
arguments.
Code execution/symbolic computation/verification
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Open vs closed weight

https://blog.bytebytego.com/p/how-open-weight-models-changed-the
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AI Benchmarks in mathematics

Source: Moritz Muenchmeyer, EuCAPT Rapid Response Workshop on AI
Agents in Theoretical Physics Research, Jun 10, 2026
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Challenges in AI in theoretical physics compared to mathematics

AI reasoning in theoretical physics (TP) is different from AI reasoning in
mathematics because the two fields ask for different kinds of correctness and
use different styles of reasoning.

Mathematics seeks exact proof; theoretical physics often seeks useful
models.
Physics relies more on direct computation rather than theorem-proof
structures.
Many physics results are valid only in certain regimes, such as weak fields,
small couplings, low energies, or leading-order expansions.
Physical meaning matters, not only algebra. An AI must know whether an
approximation, limit, convention, or effective description is appropriate.
Physics is harder to verify automatically. A mathematical proof can often
be checked line by line, but a physics answer may depend on hidden
assumptions, domains of validity, and physical judgment.

arXiv:2502.15815 [cs.LG], Price, Dominic Thomas (2023) Routines and Applications of Symbolic
Algebra Software. Doctoral thesis, Durham University.
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TPBench overview

Source: Moritz Muenchmeyer, EuCAPT Rapid Response Workshop on AI Agents in Theoretical
Physics Research, Jun 10, 2026, and arXiv:2502.15815 [cs.LG]
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LLM Performance (March 2025)

Company / organization Model Release date

Alibaba Cloud / Qwen Qwen-72B 30 Nov 2023
QwQ-32B Mar 2025

Meta AI / Meta Llama-70B 18 Apr 2024
DeepSeek Deepseek-V3 26 Dec 2024
simplescaling research project s1.1-32B Feb 2025
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LLM Performance (Aug 2025)

Company Model Release date

OpenAI GPT-4o 13 May 2024
o1 (high) 5 Dec 2024
GPT-OSS-120B 05 Aug 2025

Google DeepMind / Google Gemini-2.0 Flash 11 Dec 2024
Gemini-2.5 Pro 25 Mar 2025

DeepSeek Deepseek-R1 20 Jan 2025
Anthropic Claude-3.7 24 Feb 2025
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LLM Performance (April 2026)

Company Model Release date

OpenAI o3 (high) 16 Apr 2025
GPT-5 (high) 7 Aug 2025
GPT-5.5 (xhigh) 23 Apr 2026

xAI Grok-4 9 Jul 2025
Moonshot AI Kimi-K2-Thinking 06 Nov 2025
Google DeepMind / Google Gemini-3 Pro 18 Nov 2025
Anthropic Claude-Opus-4.7 (max) 16 Apr 2026
DeepSeek Deepseek-V4-Pro 24 Apr 2026
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We’ve come a long way...
For a scalar-tensor theory without matter, what are the transformation rules for the non-minimal coupling,

the kinetic prefactor, and the potential under conformal transformations?

gpt-3.5-turbo
In a scalar-tensor theory without matter, the action can be
written as

S =

∫
d4x

√
−g

[
1

2
F(φ)R −

gµν

2
G(φ)∂µφ∂νφ − V(φ)

]
,

where F(φ) is the non-minimal coupling, G(φ) is the kinetic
prefactor, and V(φ) is the potential for the scalar field φ.
Under a conformal transformation of the metric

g̃µν = Ω
2gµν,

the transformation rules for the non-minimal coupling F(φ), the
kinetic prefactor G(φ), and the potential V(φ) are as follows

F̃(φ) =
F(φ)

Ω2
.

G̃(φ) = Ω
2G(φ).

Ṽ(φ) = V(φ).

These transformation rules ensure that the action is invariant
under conformal transformations, and that the field equations
derived from the action are also conformally invariant.

gpt-5.5-instant
For a 4D scalar–tensor action without matter, e.g.

S =

∫
d4x

√
−g

[ 1

2
F(φ)R −

1

2
K(φ)(∇φ)

2 − U(φ)

]
,

take the conformal/scalar transformation

gµν = e2γ(φ̄) ḡµν, φ = f(φ̄).

Then, after dropping the boundary term from �γ, the functions
transform as

F̄(φ̄) = e2γF(f)

K̄(φ̄) = e2γ
[
(f ′)2K(f) − 6F(f)(γ′

)
2 − 6γ

′f ′F,φ(f)
]

Ū(φ̄) = e4γU(f)

where primes denote derivatives with respect to φ̄. If there is no
scalar field redefinition, f(φ̄) = φ̄, and eγ = Ω, then

F̄ = Ω
2F,

K̄ = Ω
2

[
K − 6F(∂φ ln Ω)

2 − 6F,φ∂φ ln Ω
]
,

Ū = Ω
4U.
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gµν = e2γ(φ̄) ḡµν, φ = f(φ̄).
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transform as

F̄(φ̄) = e2γF(f)X

K̄(φ̄) = e2γ
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(f ′)2K(f) − 6F(f)(γ′

)
2 − 6γ

′f ′F,φ(f)
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X

Ū(φ̄) = e4γU(f)X
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F̄ = Ω
2F,X

K̄ = Ω
2

[
K − 6F(∂φ ln Ω)

2 − 6F,φ∂φ ln Ω
]
,X

Ū = Ω
4U.X
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The GeomGravX survey on AI uses and perspectives in theoretical physics
(or GSoAIUPiTP for short)

Objectively things are improving, but how do we feel?

48 responses; N > 100 is (supposedly) needed for quantitative analysis...

...but we’ll make do with qualitative for once

We can still see some interesting trends (and they can be good starting
points for discussion too)

Quick facts:

6 bachelor’s/master’s students

15 PhD students

15 postdocs

7 members of faculty

...plus 3 ”Other” (incl. visiting researchers and independent researchers)
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Generative AI usage

How much do you rely on AI tools/LLMs on your daily work? 
(1 = not at all 5 = intensively throughout my work)

1

2

3

4

5

Pretty even mix (save for the AI whales)

Let’s split it per career stage
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Generative AI usage per career stage

0
1
2
3
4
5
6
7 1

2

3

4

5

undergrad/
masters

PhD postdoc faculty

How much do you rely on AI tools/LLMs on your daily work? 
(1 = not at all 5 = intensively throughout my work)

Pretty good mix across the board (save for the polarized postdocs)...

...but note that faculty has no 1s or 2s
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Generative AI attitudes by age (general population)

OECD report

Definitely not enough data to run a Student’s t-test, but at first blush,
seems to run contrary to the pattern in the overall population (OECD
report from early 2025)
Statistical noise or is this an actual trend in academia?
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Generative AI tool/services popularity

6% 

4% 

4% 

10% 

15% 

16% 

12% 

31% 

60%  

0% 10% 20% 30% 40% 50% 60% 70%

Other

Perplexity

NotebookLM

Local/Open source

DeepSeek

Copilot

Gemini

Claude

ChatGPT

Of the people that did not answer “Not at all” to how much they use AI,
we find some clear winners

Including Grammarly (proofreading), Scispace (literature review), other
open-source models (e.g. Llama and GLM 5.2), and Denario
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Generative AI tool/services uses

0 10 20 30 40 50 60 70 80 90

Extracting content from images (e.g. OCR, image to LaTeX)

Generating text from scratch (e.g. abstracts, introductions, emails)

Generating visual material (diagrams/figures)

Writing referee reports

Summarizing specific papers or understanding code

Drafting grant proposals

Performing/checking symbolic calculations

Preparing teaching/lecture materials

Writing/debugging LaTeX

Brainstorming research ideas/directions

Writing and debugging code

Explaining new/unfamiliar concepts

Literature/bibliographical research

Improving clarity/wording/quality of English of existing text

Again we see some not-surprising trends
People are more likely to use AI for “busywork”; anything that gets in the
way of physics...
...and less likely to use it as a “replacement” for work
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The human line
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The human line

fixing 
typos

grammar/ 
wording

writing
code figures

charts

brainstorm 
ideas

rewriting
text

debugging
code

literature 
search

symbolic
calculations

writing
intro/

abstract

writing bulk 
of text

formatting 
refs

LaTeX
cleanup

paper
from

prompt

There is a continuum suggested by the results
Perhaps we’d prefer to draw the line exactly one spot to the right of where
we stand...
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AI use and outlook

Doesn’t look like AI use is going away (“tell us something we don’t
know!”)

...but it’s also slowly becoming normalized

Worth noting that even among those who self-reported as “not at all”
using AI... about 40% still used it lightly (typo fixing and minor edits)

So if this is the present of AI, what do you think about the future?
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AI research predictions

We asked you:

When do you expect AI to make a sufficiently novel intellectual contribution
in deriving a physics result that it would merit co-authorship?

When do you expect an AI agent, operating without direct human scientific
input after the initial prompt, to independently generate a novel physics
result that is subsequently published in a reputable peer-reviewed journal?

(Hopefully) precisely worded, but we managed to sneak in two highly
subjective qualifiers!

merit co-authorship

reputable (human?) journal
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AI research predictions: now or never

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

Already
happened

Within a year Within 5
years

Within 10
years

Within 25
years

More than 25
years

Never

co-authorship paper from scratch

“Never” is a long time, but the split in predictions is clear: it’s either
happening within a generation or not at all

And we definitely already have nascent steps towards both co-authorship
and paper generation
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AI research predictions: now or never
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Papers brought to our
attention as examples of
“already happened”: are
these results enough to
merit authorship?
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AI research predictions: now or never

And of course we have a
paper fully generated
with Denario, accepted
for publication in the
Open Conference of AI
Agents for Science

But do they “count”?
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Some selected comments...

We had a lot of thought-provoking comments, of which only one was
LLM-generated

Too many to go through in detail, but let’s see a few outtakes...

We have some critical comments on their efficacy:

At the moment, AI agents work as advanced ”rubber ducks” to spar
arguments and sharpen intuition. In my opinion they have become necessary
because researchers tend to be more and more isolated and they do not
discuss any more ideas and thoughts, afraid of making a mistake.

Calling [LLMs] AI already reflects the layman’s ignorance in this field of
research, as LLM are but only a fragment of the different AI topics
developed since the 50s. Moreover, contrary to other methods, like those
based on logic, LLM are by their very definition incapable of sound inference.
*Blindly* trusting a system with no knowledge of the semantics of the
syntax it operates on is nothing else but foolish. [...] I personally suspect
that the claimed increase in productivity thanks to the development of LLMs
in most cases reduces to an argument of having more quantity over quality
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Some selected comments...

And some critical comments on the ethics involved:

[It doesn’t make] any sense to list [AI] as an co-author, for similar reasons
we don’t list other tools like the world wide web, specific programs, etc. as a
co-author. What is the ”knowledge” generated by AI worth if humans don’t
understand the output?

We need to emphasize this social aspect of the human condition in our
work. We need mechanisms to limit academia’s dependency on an oligopoly
of AI and software companies, both [...] to limit its influence on academia
and to allow people and universities without the financial means [...] to
access these tools.

As a free being with unlimited potential, I would find it insulting to rely on
technology designed to literally steal genuine creativity. AI will one day
overpass human scientists for sure, but it tells more about science than
about AI.

The question is not whether AI can or cannot replace scientists, but rather:
if politicians and society believe that knowledge will emerge magically from
an AI, why would they pay for scientists, engineers, universities, or research
centers?
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Some selected comments...

But others are less negative (more positive?):

I think those who pursue excessive mathematical and logical rigour will be
replaced by AI, and it is time to cherish our humanity-oriented aspects more
than ever. Because our intuition, insights based on observations and
physical experience, historical context will never be replaced.

AI may offer a way to recover control over the deeper purpose of research.
We should not approach science as an elite competitive sport aimed at
fame, but as an expression of curiosity and love for human knowledge.

So what have we learned? Have we learned anything?
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Overall opinions

Some common threads emerge:

LLMs cannot replace intuition; humanity may be an inalienable part of the
research process

LLMs are a tool, and like any tool, they can be misapplied and therefore
must come with limitations (either self-imposed or through regulation)

Even the skeptics among us cannot deny that LLMs have their uses, and
that they will probably improve, but there are real dangers involved with
their unchecked development
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Overall opinions
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The Universal LLM Use Case Flowchart

María-José Guzmán, Sotirios Karamitsos University of Tartu
Artificial Intelligence and LLM use in theoretical physics research



The Universal LLM Use Case Flowchart

María-José Guzmán, Sotirios Karamitsos University of Tartu
Artificial Intelligence and LLM use in theoretical physics research



María-José Guzmán, Sotirios Karamitsos University of Tartu
Artificial Intelligence and LLM use in theoretical physics research



María-José Guzmán, Sotirios Karamitsos University of Tartu
Artificial Intelligence and LLM use in theoretical physics research


