
ISAAC NEWTON INSTITUTE
”New connections between physics and number theory”
15 July, 2026

>_

→ meet the agent

reads · proposes · checks

Beyond the chatbot

How I use AI in my mathematical research
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HOW THE LAST FEW YEARS HAVE FELT

The water is rising



MY RESEARCH GROUP

Mathematics and physics for deep learning
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MATH & PHYSICS → AI

Geometry, Algebra and Physics in Deep 
Neural Networks

• GAPinDNNs — our research group at Chalmers & the 
University of Gothenburg

• Vision: a mathematical foundation for deep learning

• Symmetry, geometry and physics as guiding principles for 
neural networks

the direction: mathematics & physics in service of AI



MY RESEARCH GROUP · EXAMPLE

Inductive bias: build the math into the network
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MATH & PHYSICS → AI

slide from a recent talk at CHAIR (Chalmers AI Research Centre)



MY RESEARCH GROUP · EXAMPLES

Geometric deep learning in practice
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MATH & PHYSICS → AI

HEAL-SWIN: computer vision on the sphere PEAR: equal-area AI weather forecasting



AI FOR MATH

AI is already helping to discover mathematics
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AI → MATH

OpenAI · a new unit-distance result DeepMind · AI-guided mathematics



BEFORE ANYTHING ELSE

The elephant in the room
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Worries…

• Will we lose the craft?

• Can we trust results we did not derive ourselves?

• Who owns a machine-assisted proof?

• What happens to mathematical apprenticeship?

• Who pays?

My thoughts

• Agents can widen the search for ideas and references.

• Fluent output is never evidence.

• Sources, verification, and human responsibility decide 
what survives.

• We should learn as much as possible what AI can and 
cannot do

AI → MATH & PHYSICS



THE WORKFLOW

The step from chatbot to agents
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CHATBOT

ask a question
↓

read a plausible answer
↓

copy the useful part
↓

context ends with the session

PROJECT AGENT

give a task
↓

it reads the repository
↓

it edits and runs tools
↓

you inspect the evidence
↓

accept—or send it back



THE TOOLS

What is a project agent?
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• Works in a project folder— your repository: 
LaTeX, notes, code, bibliography

• Reads and writes files— drafts, edits and 
reorganises; every change can be inspected

• Runs programs— computations, checks, literature 
searches — and reads the output

• Two examples— Codex (OpenAI) and Claude Code 
(Anthropic)

Claude Code, working in one of my paper repositories



PROJECT MEMORY

Markdown files make the project remember
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• • CLAUDE.md records the goal, notation, 
conventions, and boundaries.

• • A progress log keeps decisions, loose ends, and 
next steps.

• • New sessions start by reading this durable 
context.

A project-specific CLAUDE.md carries durable context





THE CASE STUDY

Z-infinite automorphic forms
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• Project: automorphic functions that are not Z-finite.

• We had an annihilation theorem for SO(n,n), proved by explicit 
differential equations.

• The goal was a proof that generalizes to exceptional groups.

the paper draft:



THE COLLABORATION LOOP

The proof emerged from collaboration with AI agents
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Not one prompt: repeated proposals, objections, source checks, and 
rewrites.

1. Define the obstruction  — correct theorem, look for alternative proof

2. ChatGPT first suggests a way forward. Claude Code then searches the 
literature and brings in new ideas.

3. We review and come with new input. Codex then checks and re-derives 
the argument, attacks assumptions, and proposes alternatives.

4. We read the new sources, check the details, and reformulate the 
argument. Both Claude Code and Codex verify the new proof. 

WHAT THE LOOP CHANGED

explicit Dₙ identities
↓
annihilator of a spherical line
↓
cyclic Harish–Chandra module
↓
irreducible spherical representation
↓
Annihilation is automatic from 
representation theory



THE COLLABORATION LOOP

The proof emerged from collaboration with AI agents
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Not one prompt: repeated proposals, objections, source checks, and 
rewrites.

1. Define the problem — correct theorem, look for alternative proof

2. ChatGPT first suggests a way forward. Claude Code then searches the 
literature and brings in new ideas.

3. We review and come with new input. Codex then checks and re-derives 
the argument, attacks assumptions, and proposes alternatives.

4. We read the new sources, check the details, and reformulate the 
argument. Both Claude Code and Codex verify the new proof. 

WHAT THE LOOP CHANGED

explicit Dₙ identities
↓
annihilator of a spherical line
↓
cyclic Harish–Chandra module
↓
irreducible spherical quotient
↓
a new representation theoretic proof



BEYOND TEXT

Agents can work with proof and computation tools
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1. Mathematica / Sage   — examples, symbolic checks, and counterexamples

2. Lean   — once formalized, anyone can replay and check the proof

3. AI helps with translation   — informal proof → type-theoretic statement

4. The tool gives hard feedback   — failed checks become concrete errors

5. Human judgment remains



PRACTICAL

How to start on Monday
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1. Put the project in plain text   — LaTeX, Markdown, code, notes, bibliography

2. Give an agent the project folder   — begin with a bounded task you understand well

3. Write a durable project brief   — goals, conventions, boundaries, known pitfalls

4. Demand independent evidence   — calculation, proof artifact, source, example, counterexample



ONE LAST THOUGHT

“Can AI do mathematics?” is not my question.

How does research change when a fluent, tireless, fallible 
collaborator joins the loop?



DISCUSSION

AI for mathematics: questions
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1. Are you using AI tools in your research?

2. If so, how are you using them?

3. Where do they genuinely help—and where do they not?

4. Are you worried about the future of mathematics because of AI?

5. What should remain non-negotiably human?
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