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Math for Al

Symmetry, geometry and physics as inductive bias:
what my research group does, and where it has led.

f(Tx)=Tf(x)



MY RESEARCH GROUP C MATH & PHYSICS — Al )

Mathematics and physics for deep learning

GAPIinDNNs Home Members Research Output ¥ Seminar Teaching ¥ Positions

Geometry, Algebra and Physics in Deep
Neural Networks

®*  GAPIinDNNs — our research group at Chalmers & the
University of Gothenburg

eometry, Algebra and Physics
eep Neural Network

*  Vision: a mathematical foundation for deep learning

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

The research group on Geometry, Algebra and Physics in Deep Neural Networks (GAPIinDNNSs) is
based at the Department for Mathematical Sciences at Chalmers University of Technology and the
University of Gothenburg. Our vision is to develop a mathematical foundation for deep learning which
elevates the field into a theoretically well-grounded science.

the direction: mathematics & physics in service of Al
News

New Preprint on Equivariance and Augmentation for Bayesian Neural Networks 24Jun 2026
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MY RESEARCH GROUP - THE PEOPLE < MATH & PHYSICS — Al )

GAPiIinDNNs, autumn 2026

Daniel

Elias Longde Miaowen Hampus

Daniel Persson and Jan Gerken (faculty), Max Guillen (postdoc), Philipp Misof, Elias Nyholm, Longde Huang and Miaowen Dong (PhD students), Hampus Linander (guest researcher, right of the line).
Chalmers and the University of Gothenburg; gapindnns.github.io.
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MY RESEARCH GROUP - EXAMPLE ( MATH & PHYSICS — Al )

Inductive bias: build the math into the network

Deep Neural Network

input layer hidden layer 1 hidden layer 2 hidden layer 3

\ output layer

Inductive bias

Incorporate known constraints into the architecture/training

symmetries

differential equations R,.(g9) — % 9uwR(9) =Tuw(g, F,...)

geometry Q//Q/
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SYMMETRY

Invariance and equivariance

Segmentation

segment

r

i reflect

Math for Al vs Al for Math - Daniel Persson

T
segment

( MATH & PHYSICS — Al )

commutative
diagram

f(Tz) = Tf(x)
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SYMMETRY - EQUIVARIANCE IN ONE PICTURE MATH & PHYSICS = Al )

Rotate the image, and the detections rotate with it

Equivariant Neural Networks

Y

network | network | — N(pin (g)X) = pout(g)N(X)

rotation j k image
rotate

Slide from Jan Gerken's lectures on equivariant neural networks (GAPinDNNs). Cells on a blood smear, marked by a network that
commutes with rotation.
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THE MATHEMATICAL FRAME

Math for Al vs Al for Math - Daniel Persson

Geometric deep learning - A unified framework for deep learning

( MATH & PHYSICS — Al

)

Principle of geometric deep learning:
The equations governing neural networks
should be equivariant with respect to
all local and global symmetries of
the input data

global transformation local gauge transformations

I I Y
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[Images from: Weiler, Forré, Verlinde, Welling (2023)]
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MY RESEARCH GROUP - EXAMPLES

< MATH & PHYSICS — Al )

Geometric deep learning in practice

THE SURFACE - PERSEVERANCE, 5 APRIL 2026

“Arbot’, west of Jezero Crater: a Mastcam-Z panorama of 46 images in enhanced
colour, and its left-hand third.

\ML\SA/JPL-CaItech/ASU/MSSS (PIA26753), public domain. /

Math for Al vs Al for Math - Daniel Persson

NEXT - FROM EARTH TO MARS

A new research project in the group: weather and climate on
Mars.

Q/lars, Viking 1 orbiter mosaic. NASA/JPL-Caltech, public domain. /
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MY RESEARCH GROUP - APPLIED

Ultrasound: a skill that does not scale

Trauma care: six views in 90 seconds Ultrasound machines are everywhere;
using them well is hard

( MATH & PHYSICS — Al )

N S

One expert for two to four trainees

THE PROBLEM

eFAST, the focused ultrasound exam of the trauma patient: a few standard views, acquired fast, under pressure. The machine is cheap and in every emergency room; the skill of placing the

probe is not, and teaching it takes an expert at the bedside for every few trainees.

Figures: Jan Gerken, GAPinDNNs group slides, 2026.

Math for Al vs Al for Math - Daniel Persson
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MY RESEARCH GROUP - APPLIED

An Al tool to make ultrasound training scalable

MATH & PHYSICS — Al )

Project Theia

move probe
A neural network rates the probe position live, frame by frame, against the target view. Screenshots of the training tool. gOItliCh';g training data at Sahigrenska University Hospital,
othenburg.
e ™
WHY IT IS A MATH-FOR-AI PROJECT
The same group, the same question: what structure of the data and the task should the network be told about, and what should it learn? Here the answer is judged at the bedside, with
trainees in Gothenburg, not on a benchmark.
\ J

Figures: Jan Gerken, GAPinDNNSs group slides, 2026.

Math for Al vs Al for Math - Daniel Persson 12/ 46



MY RESEARCH GROUP - SPIN-OUT C MATH & PHYSICS — Al )

Kymeon Medical Technologies

WHAT IT IS

A spin-out from the GAPinDNNSs group and its clinical partners at Sahlgrenska: Al
feedback for ultrasound training, so that one expert can supervise many trainees.
The company is being incorporated this autumn.

kymeon | |

FUNDING

MEDICAL TECHNOLOGIES Proof-of-concept grant from the Knut and Alice Wallenberg Foundation, through the

Wallenberg Launch Pad (WALP), to take the research prototype to a product.

The arrow in this talk points both ways: mathematics into the network (Part ), and agents
a&)jlg into mathematics (Part Il1). This is where the first arrow leaves the department.

Proof-of-concept grant, Wallenberg Launch Pad (WALP)

Math for Al vs Al for Math - Daniel Persson 13/ 46



Al for Math

What has happened since the summer, and how the
mathematical community is taking it.

Theorem

lemma

lemma

/

N

lemma

lemma

lemma

ol

A

every step checked, down to the axioms




Al FOR MATH - WHERE IT STOOD IN JULY 2024

“A.I. can write poetry, but it struggles with math’

A.I Can Write Poetry, but It Struggles
With Math

A.I's math problem reflects how much the new technology is a
break with computing’s past.

Sean Dong

The New York Times, 23 July 2024, Steve Lohr. Illustration: Sean Dong.

Math for Al vs Al for Math - Daniel Persson

Al - MATH

THE STATE OF PLAY, SUMMER 2024

Chatbots stumbled on simple arithmetic and on word problems that take several
steps. The Times read this as a sign of how far the new technology had broken
with computing's past: a machine that predicts text rather than one that
calculates. OpenAl called mathematics “an important ongoing area of research”.

TWENTY-SEVEN MONTHS LATER

Every result in this part of the talk is younger than that article: a Fields medallist
leaving for a lab on the day of the medal, a Millennium-Prize manuscript in 88
hours, 722 manuscripts in one evening, Fermat's Last Theorem and the
classification of finite simple groups formalized by agents. Emily Riehl opened
her own survey talk this autumn with the same headline.

15/ 46




Al FOR MATH - MAY 2026 - A HINT BEFORE THE SUMMER Al = MATH

The first big crack: Erdos's unit-distance conjecture falls

THE PROBLEM, ERDOS 1946

Among n points in the plane, how many pairs can be exactly one unit apart? A slightly skewed square grid gives n(1
+c/log log n), and Erdés conjectured that nothing does essentially better. The upper bound n”(4/3) has stood since
S 1984.

penAl

Planar Point Sets with Many Unit Distances

Abstract

For a finite planar set P, let v(P) be the number of unordered unit-distance pairs in P,
and let v(n) be the maximum of v(P) over all n-point planar sets. We prove that, for some WHAT THE MODEL DID
fixed § > 0, one has v(n) > n!'*% for infinitely many n. This disproves the well-known unit
distance conjecture from [Erd46).

The construction passes through an infinite unramified tower of totally real number fields
with 3-power Galois groups of growing degree, in which a fixed set of rational primes splits com-

An internal OpenAl reasoning model built a configuration with n”(1+¢) unit distances, € of order 10*(-38), from
pletely. After adjoining i, these fields produce high-dimensional lattices with many elements . . . . . .
whose images under every complex embedding have absolute value 1, Golod-Shafarevich number fields richer than the Gaussian integers. Will Sawin (Princeton) then pushed the exponent to about 1.014.

theory ensures existence of an infinite such tower, even after a quotient step making the pre-

L . . . ”
scribed Frobenius classes trivial. A crucial property of the construction is that all resulting GOWerS. ’ WOUId have recommended acceptance W’thOUt any hes'tatlon'

discriminants and class numbers are at most exponential in the extension degree.

1 Main Result e N\

For a finite set P C R?, let »(P) = #{{z,y} C P: |z —y| =1} and v(n) = max p|_, ¥(P). The IN HINDSIGHT
planar unit-distance problem goes back to Erdés [Erd46], who conjectured that there should be
an absolute constant C' such that, for all sufficiently large n,

The first big breakthrough of the paradigm shift: a named, eighty-year-old conjecture refuted by a general-purpose
model, “a milestone in Al mathematics” (Gowers). Everything in the rest of this part happened in the five months

that followed. Aaronson, 27 May: “we're now over the top of this particular rollercoaster”.

v(n) < nl+C/loslogn, )

The same 1946 paper also introduced the distinct-distances problem, later resolved up to log-

“Plane Point Sets with Many Unit Distances”, OpenAl, May 2026, released with
a commentary by nine outside mathematicians.

“we will transition from an era of proof scarcity to an era of proof abundance”
Terence Tao, ICM 2026

Math for Al vs Al for Math - Daniel Persson 16/ 46




Al FOR MATH - 1 AUGUST 2026 Al = MATH

Ten advances, one announcement

‘We present a collection of results obtained by an internal OpenAl model, spanning mathe-
matics and theoretical computer science:!

1. High-dimensional sphere packing. The asymptotic strength of the Cohn-Elkies
linear program is determined exactly. This gives an improved general packing bound
in high dimensions and settles the corresponding Fourier sign-uncertainty problem
asymptotically.

2. Binary and spherical codes. Classical upper bounds for fixed-distance binary and
spherical codes are improved by exponential factors for all parameters. The spherical
construction also recovers the sphere-packing exponent of Chapter 1.

\.\B‘\ =l August1,2026 Publication
L X
-~ 3. Nonsofic groups exist. An explicit nonsofic group is constructed, answering the

T .
e en advances in

. . longstanding question of whether every countable group is sofic. The proof combines
,f I I lat el I latICS a n t eo retl‘ :a work of Kun and Kun-Thom with a combinatorial expander-matching argument,

realized using the binary Leavitt algebra and Thompson’s group V.

4. Connes’s rigidity conjecture. Infinitely many pairwise nonisomorphic groups with

.
COI l I p ute r SC I el lce property (7") are constructed with the same group von Neumann algebra, disproving

Connes’s conjecture and answering a related finite-to-one question of Popa.
Arithmetic circuit complexity. For the permanent, division-free circuits require

g 8 60 " “‘ —_—
Sy -bhL] < 77‘§>‘<‘F/§} © Qm?logl hile formul ire Q(n*/ logn) 1

LA . f V I 1 — (n*loglogn) gates, while formulas require (n*/logn) leaves.

. ) 6. Quantum parallel repetition. Exponential parallel repetition is proved for every

‘ =L
\ N z finite two-player entangled game, extending the classical repetition principle beyond

w

previously treated special classes of quantum games.
openai.com, 1 AugUSt 2026 7. Closest vector problem. A direct reduction from 3SAT gives n'/4%-factor hard-
ness for the Euclidean closest vector problem, with related consequences for binary
decoding and other lattice norms.

Vs

8. Ehrhart’s volume conjecture. The sharp volume upper bound (n + 1)"/n! is

WHAT THE DOCUMENT CLA'MS proved in every dimension for convex bodies whose barycenter is their only interior

lattice point.

9. Multicolor Ramsey numbers. A new superexponential lower bound shows that

Ten results in mathematics and theoretical computer science, “obtained by an internal OpenAl model”. Not Rii(3) grows as kO,
. . . o . 10. C t d d . Separate biparti raph structions disprove
stated: how much human involvement there was, what it cost, and what changed in the revision of 6 e e . ey the et nens coniieture of Exdin and

Simonovits and a degeneracy conjecture of Erdés.

\__August. Self-reported, and unrefereed at the time of release.

The abstract, in the authors' own words.

“much of the publicly available evidence is highly subject to reporting bias and non-scientific incentives”
Terence Tao, ICM 2026

Math for Al vs Al for Math - Daniel Persson 17/ 46



Al FOR MATH - JULY 2026 C Al = MATH )

The same day as the Fields Medal

THE WALL STREET JOURNAL

TECHNOLOGY e« ARTIFICIAL INTELLIGENCE « SCIENCE OF SUCCESS

The Math Superstar Who’s Terrified of AI—and Just Took a
Job at OpenAl

Jacob Tsimerman won the biggest prize in math. Now he’s working on the most
important problem of his career.

The Wall Street Journal, 31 July 2026 - Ben Cohen

“The mathematical career, as we know it, I don’t think it
will exist in its current form.” — Tsimerman

Jacob Tsimerman, 2026 Announced 23 July at ICM Philadelphia, just after the medal. He takes leave from Toronto for OpenAl’s safety team.
Photo: Simons Foundation, CC BY 4.0

Math for Al vs Al for Math - Daniel Persson 18/ 46



Al FOR MATH - 4 SEPTEMBER 2026

Al - MATH )

Fermat's Last Theorem, formalized in 11 days

Shimura curves ) i =t
x Mazur’s theorem (Eisenstein ideal
(&erednik-Drinfeld) ( )

Formalization of . \ | / Level lowering (Ribet)
Fermat’s Last SN\ S
Theorem \Xl 1 {7/t %

_. Néron models of J,(N)

Modularity lifting, R=T

Hecke algebras and level raising

Taylor-Wiles primes and Selmer groups
Langlands-Tunnell

" Base change for GL,

Integral models of modular curves
Galois representations at bad primes

anthropic.com, 4 September 2026. The dependency graph of the formal proof: about 29,500
theorems and 13 million lines of Lean, following Darmon, Diamond and Taylor's 1995 exposition of
Wiles's argument.

WHAT WAS DONE

Dozens of Claude agents, coordinating through the Prove2Me platform (Tianyi Peng
and collaborators, Columbia), with a handful of high-level human hints. Lean's kernel
checked the result against Mathlib's statement of the theorem, on the three standard
axioms only. It was the last open item on Freek Wiedijk's twenty-year-old list of 100
theorems to formalize.

THE PROJECT IT OVERTOOK

Kevin Buzzard (Imperial) has led a community formalization of FLT since 2024, on a
five-year £1M EPSRC grant, along a different and more modern route. Anthropic's

repository adapts pieces of that project. Riehl files the episode under “Bad math?:

wasted resources”, question mark included.

o
¢

FLT: Anthropic has beaten me to it

Posted on September 4, 2026 by xenaproject

|

Kevin Buzzard (photograph from Emily Riehl's slides). xenaproject.wordpress.com,

& lfﬂh\@ 4 September 2026: “Note that mathematically this work of anthropic tells us
\ i;y:';

A

; essentially nothing.”

13M 29,500 11

lines of Lean theorems days

£1M - 5yrs 2024

Buzzard's EPSRC grant the human project began

Math for Al vs Al for Math - Daniel Persson
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Al FOR MATH - 8 SEPTEMBER 2026

A Millennium Prize problem, in 88 hours

September 8,2026 Research Publication

On the Navier-Stokes
Millennium Prize Problem

Read the paper Link to Lean formalized proof >

openai.com, 8 September 2026. The paper's author line reads “OpenAl”; a Lean formalization is on
GitHub.

FINITE TIME BLOWUP FOR NAVIER-STOKES

OPENAI

ABSTRACT. For every positive viscosity, we construct a solution of the three-dimensional
incompressible Navier-Stokes equations that starts from rest and develops unbounded velocity
in finite time while maintaining uniformly bounded kinetic energy.

“Finite time blowup for Navier-Stokes”, 166 pages, page 1.

Math for Al vs Al for Math - Daniel Persson

( Al - MATH )

WHAT WAS CLAIMED

Finite-time blowup from rest, under a smooth, compactly supported external
force, with bounded energy: statements (C) and (D) of the Clay formulation.
The unforced problem, statements (A) and (B), is untouched.

- J

~10,000 agents - 88 hours - 17 hours of Lean - “several million dollars”

OpenAl's own account; cost estimate by Sébastien Bubeck (OpenAl), Quanta, 8
September.

Status on 26 October: Lean-checked, but arXiv:2610.08144 finds the formal statement
does not match the written proof. Not refereed. Clay: “apparently been settled”, review
“deliberately unhurried”, problem still listed as active. OpenAl will not claim the prize.

“I was thrilled that the problem was solved.”

Charles Fefferman (Princeton), author of the Clay problem statement. Quanta, 8
September 2026.

20/ 46




Al FOR PHYSICS - 25 SEPTEMBER 2026 - SCATTERING AMPLITUDES < Al = PHYSICS )

Nine loops in N=4 super Yang-Mills, from one prompt

It Only Counts When Al Gets to My Field

Yes, Claude can do Nine Loops

oy 19,2020

It Only Counts When Al Gets to My Field

o skt o vt physc.

Matt von Hippel

“Each time, the pattern seems to be that scholars are skeptical, until Al gets to their field.
I'm aware of this pattern. But I'm willing to take the risk.

| think my old field, scattering amplitudes, is special. And when Al can do something meaningful
there, I'll really start to worry.

By “something meaningful”, | don’t mean the student-level results that have come out so far. |
mean tackling some of the field’s big outstanding problems: determining whether N=8 supergravity
diverges at seven loops, or finding the six-particle amplitude in N=4 super Yang-Mills to nine loops.
Getting another loop past the state of the art for gravitational wave physics or collider physics
would also count.”

It Got to My Field
SLAC L Dixon, J. Pages - Al@9 Loops - KITP - 10/20/26 2
Lance Dixon and Julie Pages, "Al @ 9 Loops”, KITP, 20 October 2026, slide 2: Matt von Hippel's The talk's title slide, with Anthropic's science-blog post of 25 September, “Yes, Claude can do
challenge of 7 August. Daniel's screenshots of the KITP recording. Nine Loops”, written by von Hippel at Anthropic's invitation, and paid for.
( N\ N\ )
THE CHALLENGE - 7 AUGUST WHAT HAPPENED - 25 SEPTEMBER IN VON HIPPEL'S WORDS
Matt von Hippel, once an amplitudes theorist, on his blog Liam Fitzpatrick and Siddharth Mishra-Sharma (Anthropic) gave “This was a lot easier than a Millennium problem.” “There is
4gravitons: “Give us N=8 supergravity to seven loops, or N=4 Claude the one-line problem and “keep working on this until | tell more low-hanging fruit out there than you'd expect.” “This
super Yang-Mills to nine loops.” The six-gluon MHV amplitude in you to stop”. It ran the hexagon bootstrap and the form-factor doesn't tell you much about whether Al can achieve field-
planar N=4 SYM had stood at eight loops since Dixon and Liu, route unsupervised for days: one or two thousand dollars per defining breakthroughs.” Song He's group had most of the result
2023. route. Lance Dixon validated the result. independently; Dixon and Pageés reported on both at KITP.
\_ J J L J

Math for Al vs Al for Math - Daniel Persson 21/ 46



Al FOR MATH - 6 OCTOBER 2026

/22 manuscripts, one evening

® math Public

QanN
¥ main ~ ¥ Branches O Tags Q Go tofile <> Code ~

@ 7 Commits

B .github/workflows
lean

preprints
reasoning_traces
CONTENTS.md

LICENSE

O OO Rk R B

README.md
[ history.md
[ overview.pdf

[ overview.tex

github.com/openai/math, read 26 October 2026. An unnamed internal model; “raw
research data, rather than polished academic papers” (README). ~3 hours of
compute per result, ~4,000 problems posed.

C Al - MATH )

NUMBER THEORY

Al Proved the Quasi-Riemann Hypothesis.
What Happens Now?

Unlike other recent Al proofs, this one has been unpacked by human experts. The implications,

one mathematician said, are “staggering.”

Quanta, 19 October 2026 - Konstantin Kakaes

( )
THE QUASI-RIEMANN HYPOTHESIS

{(s) and every Dirichlet L-function are zero-free for Re s > 7/8: 199 pages, Lean-verified. A 49-page
human-edited proof for Re s > 11/12. No Landau-Siegel zeros. Experts largely accept it; Sarnak calls
it “a Theorem”.

. J

“Within analytic number theory, it's obviously the best headline result for the
past 100 years in the field.”

James Maynard (Oxford, Fields Medal 2022), Science, 13 October 2026

722 372

manuscripts result families

~42 %

Lean-formalized withdrawn the next day

Math for Al vs Al for Math - Daniel Persson
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Al FOR MATH - THE REACTION

Excitement, and anxiety

~

Excitement

“I was like a kid at Christmas. Even if it was some scary monster giving me a gift, |
was just so excited.”

James Maynard, Oxford - Science, 13 October

“yesterday was surely one of the biggest days in mathematical history.”

Scott Aaronson, UT Austin - Shtetl-Optimized, 7 October

“I didn't think | would live to see this result, and I'm not that old a guy.”

Alex Kontorovich, Rutgers - Science, 13 October

“I'm more excited about staying in math than a few months ago.”

kConstant'in Kogler, IAS, whose conjecture was among those solved - Science, 13 October

J

( Al - MATH

Anxiety

“solutions to open problems are now being harvested at large scale in an
unsustainable fashion”

Terence Tao, UCLA - Mathstodon, é October

“What OpenAl chose to do was to carpet-bomb mathematics, grabbing as many as
possible of the chips on the table.”

Peter Woit, Columbia - Not Even Wrong, 6 October

“I feel like I'm working in a toxic research environment. It's all just too fast.”

Youness Lamzouri, Lorraine - Science, 13 October

“One must distinguish a claimed result, an independently verified result, and a result
that has been understood and absorbed into mathematical culture.”

Olga Holtz, Berkeley - Science, 13 October

-

J

“The goals of the AI companies and the goals of the mathematical community are severely misaligned.”
“A Severe Misalignment of Al in Mathematics”, open letter signed by 28 Fields medallists, 11 September 2026

Math for Al vs Al for Math - Daniel Persson
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Al FOR PHYSICS - KITP, SANTA BARBARA, 19-23 OCTOBER 2026

Al = PHYSICS

)

Theoretical physicists and the frontier labs, in one room

| UC SANTA BARBARA ( )
| ‘1 Kavli Institute for WHO IS COORDINATING
Ml . .
| Theoretical Physics \ : w \J Nathaniel Craig (UC Santa Barbara), Xiao-Liang Qi (Stanford), Dan Roberts
DIRECTORY ACTIVITIES PROPOSE ACTIVITY ONLINE TALKS . . . L.
KITP Program: Intermediate-Scale AI for Physics (OpenAl), Eva Silverstein (Stanford), Andrew Strominger (Harvard), Xi Yin
-23, 202 :
Coordinators: Nathaniel Craig, Xiao-Liang Qi, I()%c; 1I(i;obiaertos,sE)va Silverstein, Andrew Strominger, and Xi Yin (Harvard)' A week Of talks on what the current models can and cannot do in
theoretical physics.
kitp.ucsb.edu, program page and online talks.
\_ J
4 )
THE TRAFFIC INTO THE LABS
ré : Dan Roberts coordinates from inside OpenAl. Xi Yin was reported in June 2026 to
N be joining OpenAl on sabbatical; neither he nor OpenAl has confirmed it.
‘ i Strominger's former student Alex Lupsasca was the first hire of OpenAl for
R VE WY Science (October 2025), and in February 2026 Strominger co-authored a gluon-
Nathaniel Craig Xiaoliang Qi Dan Roberts Eva Silverstein Andy Strominger Xi Yin amplitude paper worked out with GPT-5.2. The labs are no longer across the
street from the physics departments; they are inside them.
The six coordinators, from the opening session's slides (KITP online talks).
\_ J
~
“... to facilitate constructive dialogue both among theoretical physicists and between theoretical physicists and the frontier labs.”
KITP program description, Intermediate-Scale Al for Physics, October 2026
J
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Al FOR MATH - 26 OCTOBER 2026

Three problems, three ways to release a proof

October 26, 2026

Working with academic
communities to build

scientific understanding

» Listen to article 1055

openai.com, 26 October 2026. “In our view, these manuscripts are best understood as a form of
raw research data.” External “shepherds” chose how each result reached the public.

SOCMCINEDER | TECHNOLOGY

Al cracks a 27-year-old pillar of computer science,
OpenAl and Anthropic claim

The result, one of three major claims from OpenAl, raises questions about sharing of Al-generated
work

280CT 2026 + 525 PMET + BY IO

Science, 28 October 2026 - Tom Howarth

Math for Al vs Al for Math - Daniel Persson

< Al > MATH )

MATHEMATICS - released as is

Sogge's local smoothing conjecture (1991) in every dimension, hence the Kakeya and
Stein restriction conjectures in all dimensions. Output 18 October, Lean the next day,
on GitHub the same week.

COMPUTER SCIENCE - shepherded, then public

The Exponential Time Hypothesis is false: 3-SAT in sub-exponential time. 16 October,
Lean the next day. Impagliazzo, Paturi and Williams rewrote a “completely
unreadable” first version; Anthropic posted an independent refutation hours later.

PHYSICS - withheld

Existence of four-dimensional Yang-Mills theory coupled to fermions, QCD included;
pure Yang-Mills is half of a Millennium Prize problem. 1147 pages. A committee
chaired by David Gross holds the proof and will release it “in due course”.

\_ J/

“I think the main difficulty is that a company was selecting or
attempting to select who is taking charge ofit.”

Ryan Williams (MIT), one of the three ETH shepherds - Science, 28 October 2026

25/46




Al FOR PHYSICS - THE YANG-MILLS PROOF Al = MATH

1147 pages that nobody outside the committee has read

Proof by OpenAl of the Existence of Quantum WHAT IS CLAIMED

Yang-Mills theory

A rigorous existence proof of quantum Yang-Mills theory in four dimensions, coupled to fermions, so QCD and a
grand-unified completion of the Standard Model, by Balaban's renormalization-group construction of the
continuum limit. Pure Yang-Mills existence is the existence half of the Clay problem. Not claimed: the mass gap.
“Confinement and the mass gap remain very important open challenges.”

Statement by the shepherding committee

Michael R. Douglas, David J. Gross (Chair), Arthur Jaffe,
Igor R. Klebanov and Nikita Nekrasov

October 2026

{ )

AT agents are beginning to dramatically accelerate progress in mathematics, 9 Sept 18 Sept 16 Oct 26 Oct
theoretical physics, and many other disciplines. This era of rapid change calls

for new ideas on how to comprehend and disseminate scientific results. We Yang-Mills proof produced QCD proof produced Lean done; Gross asked to announced; proof withheld
are pleased to contribute to a new experimental approach where a group of L take custody )
scientists serves as an interface between AI generated breakthroughs and the
broader scientific community. We are honored to work on shepherding this > about AGMA
result to the community. — “By their own account this is now complete, so
We were delighted to learn of the recent proof by OpenAl of the existence ot ote Rolonseof e Al Outout
for elease of g-Mill utpu

of quantum Yang-Mills theory, including coupling to fermions. This constitutes
an important juncture for the entire subject of Quantum Field Theory (QFT),
which applies quantum mechanics to systems with an infinite number of degrees
of freedom and provides a universal language for a variety of observed physical
phenomena. The new proof by OpenAl appears to be an important step towards
putting QFT on a rigorous mathematical footing.

On Oct. 16, David Gross was asked by OpenAl to assume custody of the
proof, decide on the best way to release it to the community, and shepherd
the release process. David Gross then chose the rest of the committee. We
will work on behalf of the academic community, to shepherd the release of the
exciting new results discovered by OpenAl’s LLM, while minimizing the risks
(such as putting out wrong results or carelessly omitting attributions.) We have

Statement of the shepherding commiittee, kitp.ucsb.edu, 27 October 2026.
“We have no responsibility to OpenAl.”

Math for Al vs Al for Math - Daniel Persson

October 26, 2026

We call on OpenAl to make public without delay the natural-language and Lean
outputs behind its announced existence proofs for Yang-Mills theory, quantum
chromodynamics, and a completion of the Standard Model.

While these are central questions in physics, they are also important questions in
mathematics. The existence of quantum Yang-Mills theory is part of a Millennium
Prize problem and the construction of interacting quantum field theories in four
dimensions has been a goal of mathematical physics for decades.

We have great respect for the scientists asked by OpenAl to lead this work. But as
we explained in our recent statement, understanding should develop in the open,
with everyone given the same access. OpenAl have said they delayed release until
the Lean formalization was complete. By their own account this is now complete,
s0 there is no scientific reason for delaying the release any further.

agmai.org, 26 October 2026

there is no scientific reason for delaying the
release any further.”

Advisory Group on Mathematics and Al: Charles, De Lellis, Gowers,
Hairer, Srivastava, Tillmann, Vakil, Witten, Wood

“Before we release it, we would like to be
convinced that it is correct.”

The committee's statement
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Al FOR MATH - 26 OCTOBER 2026

The enormous theorem, formalized in 24 days

October 26,2026 by Axiom

Formalizing the
Enormous Theorem

Axiom has formalized in Lean the classification of finite simple
groups, the longest proof in the history of mathematics.

axiommath.ai, 26 October 2026

John Horton Conway (1937-2020), holding
the ATLAS of Finite Groups (1985), which he
co-wrote. Three of the 26 sporadic groups
carry his name. He is among the hundred
mathematicians Axiom's
acknowledgements name.

Al - MATH

WHAT WAS DONE

The first-generation proof of the classification of finite simple groups, about 15,000 pages in more than 500 articles
by about a hundred mathematicians, in Lean 4 with Mathlib. Dozens of agents directed by Axiom's engineers and
mathematicians, 2 to 25 October; 1.2 million lines reused from the Qiuzhen-CFSG project; external advisors Lyons,
Nakano and Solomon.

THE GAP THE AGENTS FOUND

Counterexamples to a closure assertion in a published route to the Unbalanced Group Theorem, one of 34 deviations
from the record. The theorem stands: a replacement argument via Solomon's 1976 maximal 2-components, written
up by Defant and Ono (Hexagon, 27 October, labelled “primarily human-written text”).

\_

J

Status on 30 October: review status “team self-assessment”. Lean's kernel checked every step; whether the formal statement

says what CFSG says is for group theorists and the Lean community to confirm, which Axiom invites. No cost or compute
figures given.

43.1 M 2.05M

lines of Lean declarations

715 24

papers and books days deviations from the record

Math for Al vs Al for Math - Daniel Persson
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Al FOR MATH - A RUBRIC, 29 OCTOBER 2026

What counts as good math research, in an age of AI?

Al - MATH

Emily Riehl's categories and her examples, from “What counts as ‘good math research’ in an age of Al?”, Chalmers Al Days, 29 October 2026.

-

Bad math?

Scooping junior researchers

Math Inc. finished Sidharth Hariharan's two-year E8 sphere-packing formalization with its
agent Gauss, to show it off: “drive-by proving”.
Jeremy Avigad, Mathematicians in the age of Al, arXiv:2603.03684

Wasted resources

Anthropic's 13-million-line Lean proof of Fermat's Last Theorem in 11 days, alongside
Buzzard's long-running project of the same.
Anthropic, 4 September; Buzzard, “FLT: Anthropic has beaten me to it”, 4 September

~

-

Good math?

Advancing understanding in an area

Axiom's classification formalization, which found and repaired a gap in a published route
to the Unbalanced Group Theorem.

axiommath.ai, 26 October
Acknowledging human mathematicians

Axiom's acknowledgements name the hundred mathematicians whose proof it is, and the
advisors it consulted.

axiommath.ai, 26 October

Autoformalization as future infrastructure

115(S?) in agda-unimath, with the Al-generated proofs imported back into the library.

)

\ Carranza, Liu, Riehl, Rijke, arXiv:2608.23721

~

)

( )
“Do we need to abandon the practice of attributing authorship to mathematical discoveries?”
Emily Riehl, closing slide, Chalmers Al Days, 29 October 2026
\_ J
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Al FOR MATH - RIEHL'S CLOSING QUESTION ( Al = MATH )

How do we articulate the value of human mathematicians?

lllustration from Emily Riehl's slide of the same title, “Al for math: what is happening and what it means”, September 2026. Original
source not identified.
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[ Claude Code ] [ Codex
[
How I work with agents
{ AGENTS.md ]
A setup for collaborative research with Al agents: one B
file, a repository, and checks that print the right / \
answer.
[ checks/ ]
[ comini ] Sage - Mathematica - Lean [ .

one file, four readers, machine checks



THE WORKFLOW

The step from chatbot to agents

CHATBOT PROJECT AGENT
give a task
ask a question /
/ it reads the repository
read a plausible answer /
/ it edits and runs tools
copy the useful part /
/ you inspect the evidence
context ends with the session /
accept—or send it back

Math for Al vs Al for Math - Daniel Persson 31/46



THE TOOLS

What is a project agent?

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 (OpenAl) and Claude Code
(Anthropic)

Math for Al vs Al for Math - Daniel Persson

@& Claude File Edit View Window Help

® 2 v e P OO 3D

Convolution mathematics paper review Most general convolutions - project with Jan

<> Code i Lt . o
That email is harmless — it's a template Cl workflow failing, not your proofs. Here's exactly what happened.
+ New s
& Artifact: lake new .. math shipped three GitHub Actions workflows. The one that failed is create-release.yml:
& Artifacts
& Customize

Integral I(N,

MaScAmp talk: LLMs for math/physics research (fork)
Sinkecippotielmpios Because your first push included lean-toolchain, it triggered, and the job tried to create a GitHub Release/tag
named after the Lean version. It failed in 7 s — almost certainly a token-permissions issue (a fresh repo's Actions
token is read-only by default, so it can't create a release even though the workflow asks for contents: write).

Guillaume's reply c
Codex collaboration re:
The key point: this workflow is scaffolding for libraries that publish versioned releases — your formalization doesn't
need it, and it has nothing to do with whether the math checks. It will keep emailing you every time lean-toolchain
changes (e.g., when you bump Lean/Mathlib).

Codex collaboration revi
Newton Institute talk preparation
Paper review and advancement
The three workflows:
Section 3.6.7 residual spectrum r
+ lean_action_ci.yml — the important one: builds and re-checks your proofs on every push. (Check the repo's

Cedeicecliaboronhancol Actions tab — if this one is green, your proofs verified on GitHub's servers too. If it's red, tell me and I'll help; that

Paper draft review and anal

Convolution mathematics paper review

Case study paper selection
Research problem investigation
Research pr investigation
Marcus email updates review

Fable 5 redeployment status
DOMatrix E-dependence cancellation
WALP pitch slides final edits

oP Daniel Persson

one matters.)
* create-release.yml — the one that failed; not needed here.
« update.yml — auto-bumps Mathlib; only runs manually (its schedule is commented out), so it's dormant.

Recommended fix: delete create-release.yml (and optionally update.yml), keep lean_action_ci.yml.That
stops the failure emails. | can do it now — remove the file(s), commit, and push:

git rm .github/workflows/create-release.yml o
git commit -m "Remove unneeded Create Release CI workflow"
git push

Claude Code, working in one of my paper repositories

o
=

Mon 13 Jul 21
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PROJECT MEMORY

Markdown files make the project remember

@ @ CLAUDE.md
Typeset LaTeX ¢ @ Macros v Tags v Labels v Templates v

' # Project overview — Real Schur Theory and Equivariant Convolutions

* e One GLOBAL.md holds the standing rules, :

= *Covers the mathematical project, the paper, and the Lean formalization.*

symlinked into every agent. ‘
s Authors of the paper: **Daniel Persson** and **Jan E. Gerken**.
Primary human collaborator you'll be working with: **Daniel** (a mathematician;

° 1 . 1 ’ he does **not** write Lean |— the Al does the Lean
® Each p.rojeCt has an AGENTS.md: goal’ file map, and drafting, and he approves the mathematical statements).
conventions, status ledger.

o

© ®

* e Aprogress log keeps decisions, loose ends, and " | ## 1. The main idea

neXt Steps' 1 ;Lha?n’?:g?f makes precise the slogan repeated throughout equivariant deep

7 > "equivariant linear maps are convolutions."

* e New sessions start by reading this durable

t t © The point is that this slogan is not one theorem — it is a **three-layer
context. 20 principle**, and the precise statement depends on choices the slogan hides
21 (coefficient field, group, domain, regularity of kernels). The three layers:

1. **Algebra (Schur/commutant).** Which channel-mixing parameters an
equivariant layer may use.

25 2. **Geometry (kernel theorem).** In what sense the operator is a convolution —

26 on the group, or on a homogeneous space.

27 3. **Analysis (operator topology).** Whether the "kernel" is a function, a

distribution, a von Neumann-algebra element, or only an approximation.

5 ®

o Two **independent axes** organize the analytic side (this is the key
structural insight): the **domain** (the group "G’ itself vs. a homogeneous
space ‘G/H’), and **compactness** (of ‘G" for group domains; of the
*stabilizer* "H" for homogeneous-space domains). These are genuinely

A project-specific CLAUDE.md carries durable context

Math for Al vs Al for Math - Daniel Persson
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THE CASE STUDY

Z-infinite automorphic forms

*  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:

Z-INFINITE AUTOMORPHIC FORMS AND THE SQUARE
OF THE MINIMAL REPRESENTATION

GUILLAUME BOSSARD, SOLOMON FRIEDBERG, DMITRY GOUREVITCH,
AXEL KLEINSCHMIDT, AND DANIEL PERSSON

Math for Al vs Al for Math - Daniel Persson

Using the functional relation (184) one obtains therefore both (423) at s =

2=2 and the equation above (426) for Ep, (™52, g). Substituting (426) in

(423) for s = ”T_Z, one obtains
A+ (n—1)(n-2) 4 Du (e
4 DacD DdI;EPz,ﬂ'(Tz’ 9)
A+(n—1)(n—-2)\/A+(n—2)(n-23) o
= () (R )R ) . )

For 7 such that Afy = —(3 +72)fr in SL(2), one obtains that
A+ (n—-1)(n—-2) T+r2

B (R0 = - LB () (429)
so one can inverse this operator and obtain that
DD DB (252,9) = 0, (429)

N _ 1 B
DuiDUD4ER (%52,9) = 7(A+ (n=2)(n—3)) DB, (%2,9)

This concludes the direct proof that Egz"m(%, g) is annihilated by Zp,.
S
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THE COLLABORATION LOOP

The proof emerged from collaboration with Al agents

Not one prompt: repeated proposals, objections, source checks, and
rewrites.

1.

Define the problem — correct theorem, look for alternative proof

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

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

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

Math for Al vs Al for Math - Daniel Persson

Theorem 1. For every spherical cuspidal © occurring in Lemma 6, we have
AXp=BXp=0. (220)

Equivalently, Tp, X, = 0; together with AX; = 2s:(2sx + 3 — 2n) X, this
gwes Ip, s, Xr = 0.

Proof. Let Ms_=U(gc) ‘},’; be the cyclic Harish-Chandra module generated
by the scalar spherical section. It has finite length, so it has a nonzero
irreducible quotient J;. The image of its cyclic vector is necessarily nonzero
and K-fixed. Hence J; is spherical and has infinitesimal character 2s,;As —
p = Ar. Equation (212) descends to its spherical vector.

By Proposition 9, J; ~ o, where o, is the representation of Lemma 7.
Thus the K-fixed line in every copy of o is annihilated by .4 and B. Lemma 7
writes X; = vg ® m, in the corresponding isotypic component, with G°
acting only on the first factor. Therefore

AX; = (Avg)®@m; =0, BX,; = (Bvg)®m;=0. (221)
O
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THE INFRASTRUCTURE

One file, every agent

symlinks
( h Claude Code
~/ .agents/GLOBAL .md ~/.claude/CLAUDE.md
the one real file b g
b g Codex

~/.codex/AGENTS.md

skills/ - verify/bin
Gemini
sage - wolfram - leancheck - mathlib-grep /. gemini/GEMINI.md

One real file, four links. Duplication is the only thing that can go stale, so there is nothing to update twice. Kimi
Iimi
~/.kimi-code/AGENTS.md

Math for Al vs Al for Math - Daniel Persson 37/ 46



THE INFRASTRUCTURE - THREE LAYERS

The whole thing, on one page

THE RULES GLOBAL . md skills/ verify/bin/ bin/ + template/

~/.agents/, one directory, under its own git the standing rules, one real file instructions that load themselves sage - wolfram - leancheck - ... newproject, dashboard

7y A
symlinked, four ways
A 4
THE AGENTS e e nge s a project's checks/ call the the dashboard reads every
Cl C - Codex - Gemini + Kimi
aude Code ode e pinned tools by name project's status
interchangeable readers of the same rules one GLOBAL.md, read through four symlinks: no copy to drift
read and write the project
A 4
EVERY PROJECT AGENTS . md collaboration/ checks/ versions/
Dropbox/Documents/Latex/, eight of them, goal, file map, status ledger task board, log, decisions machine checks, inventoried frozen drafts, never current

all the same shape

Rules flow down; evidence flows up. The two arrows that run back up are what make it a system rather than a naming convention.

Larger version, with every path drawn in full: infrastructure.html in the same folder.
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THE INFRASTRUCTURE

Skills: instructions that load themselves

The description is the trigger

~/.agents/skills/math-verification/SKILL.md

the agent loads it when the work matches. You never have to remember it

. o . exists.
math-verification \. J
Machine-checks mathematical ( h
claims with Sage, Python, Mathematica and It carries the gotchas, permanently

Lean 4. Use when verifying a calculation,
never the system python3 - try the local Wolfram kernel before blaming the

licence - grep Mathlib before proposing any Lean
something that needs checking \ J

proof or identity; when a draft asserts

Written once, after it cost you a day
## Tiers

## Three rules that save you a day

one folder under ~/.agents/skills/, read by every agent, in every project

The second one in daily use is academic-humanizer: a style profile of my own prose, with separate layers for mathematics, physics and machine learning.

A skill is a folder with a SKILL.md and its references. The frontmatter description is what makes it self-loading; everything hard-won goes in the body.

The alternative is retyping the same warning into every session until you forget one.

Math for Al vs Al for Math - Daniel Persson 39/46



INSIDE A PROJECT

The repository, under version control

( e . . ) git log - local, no remote needed
Latex/Z-infinite automorphic forms/

AGENTS.md ) entry point: goal, conventions, status ledger ‘ 2026-08-12 Codex

spectral argument = v13

Spectral_argument_v13.tex > the live draft — top level means current ® 2026-08-11 Claude

checks C-009 ... C-012

reorganise; retire v5 to versions/

C collaboration/ > task board - progress log - decisions - reviews . 2026-08-04 Dan

checks/ > 17 checks: ID - exact command - date last passed
Who changed what, and when. Dropbox forks files silently and cannot answer that.

( versions/ > frozen drafts — never cite as current

\_ J

Claim a task on the board before touching files. The default role is verification: re-derive, compare with sources, log disagreements.
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VERIFICATION

What counts as evidence

. )
(" .
Mathematica
Sage - Python
heavy symbolics, special functions,
root systems, Weyl and Coxeter groups, shareable notebooks
crystals, numerics
_ N J

N\

Lean 4 - Mathlib

the algebraic core only: slow, narrow,
replayable

an LLM reviewing an LLM

advisory — it never enters the ledger

every result carries a tag:

[ESTABLISHED] ( [CONJECTURED] ) (

An untagged claim gets read as proved by whichever agent reads it next.

[OPEN] )

Math for Al vs Al for Math - Daniel Persson 41/ 46



VERIFICATION - A SECOND READER FOR WRITTEN PROOFS

Rethlas: a machine that reads a proof and talks back

( )
WHAT IT IS
An open-source system (github.com/frenzymath/Rethlas, Apache-2.0) built around two
Codex agents. One writes an informal proof of a stated problem. The other, a local service,
reads a prose proof and returns a strict verdict with repair hints.
\_ J
( )
WHAT | USE IT FOR
Only the reader. A proof drafted in a project, by me or by an agent, goes in as Markdown.
What comes back is a step-by-step account of what holds, what is unjustified, and whether
each cited result says what the proof claims it says.
\_ J
4 )
WHAT IT IS NOT
Evidence. A model's opinion of a proof is still an opinion, so Rethlas sits below the bench of
Sage, Mathematica and Lean: advisory, never ESTABLISHED. The proof-writing half stays off:
a model rewriting until another model approves is optimising for approval, not for truth.
\ J

THE READER, STEP BY STEP

’

proof.md

a prose proof, with its citations

y

verify-sequential-statements

splits the proof into steps and checks them one by one, in the order written

y

check-referenced-statements

fetches each cited theorem from arXiv or the web and compares what it says with what the
proof needs

v

synthesize-verification-report

weighs every finding, applies a strict accept or reject, writes the repair hints

A

verdict + repair hints
accept or reject, and why

Installed at ~/.agents/verify/rethlas/; the generation agent is never run. The middle skill earns its keep: a machine can go and check whether a citation says what the proof claims it says.

Math for Al vs Al for Math - Daniel Persson
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A SECOND CASE STUDY - AUGUST 2026

One number, left blank

UUITP-16/24
CANONICALIZING ZETA GENERATORS:

GENUS ZERO AND GENUS ONE
Daniele Dorigoniﬁ Mehregan Doroudiani?, Joshua Drewitt3,
Martijn Hidding"?, Axel Kleinschmidt>7, Oliver Schlotterer™,
Leila Schneps® and Bram Verbeek*

o =

! Centre for Particle Theory & Department of Mathematical Sciences
Durham University, Lower Mountjoy, Stockton Road, Durham DH1 3LE, UK
2 Mazx-Planck-Institut fir Gravilal hysik (Albert-FEinstein-Institut)
Am Mihlenberg 1. 14476 Potsdam, Germany
4School of Mathematics, University of Bristol, Queens Road. Bristol. 3S8 1QU, UK

4Department of Physics and Astronomy, Uppsala University, 75108 Uppsala, Sweden
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Zeta generators are derivations associated with odd Riemann zeta values that act
freely on the Lie algebra of the fundamental group of Riemann sur with marked
points. The genus-zero incarnation of zeta generators arc Thara der| ms of certain
Lie polynomials in two generators that can be obtained from the Drinfeld associator.
We characterize a canonical choice of these polynomials, together with their non-Lie
counterparts at even degrees w > 2, through the action of the dual space of formal
and motivic multizeta values. Based on these canonical polynomials, we propose a
canonical isomorphism that maps motivic multizeta values into the f-alphabet.

The canonical Lie polynomials from the genus-zero setup determine canonical zeta
generators in genus one that act on the two generators of Enriquez’ elliptic asso-
ciators. Up to a single contribution at fixed degree, the zeta generators in genus
one are system: lly expanded in terms of Tsunogai’s geometric derivations dual
to holomorphic ein series, leading to a wealth of explicit high-order compu-
guities in defining the non-geometric part of genus-one zeta
generators are resolved by imposing a new representation-theoretic condition. The
tight interplay between zeta generators in genus zero and genus one unravelled in
this work connects the construction of single-valued multiple polylogarithms on the
sphere with iterated-Eisenstein-integral representations of modular graph forms.
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tations. Earlier a

eq. (7.24) - the expansion of 0,, in Tsunogai's geometric derivations

(10)

€19 11s3(eq,€10)  1183(eq,€8)  2424075%(ey, t%(€4,66)) . 8°(€4, €12)

- 5° (€6, €10) _ 7s°(€s, €s)

10! 40 60 14735232
1109042352 (€4, t*(e4, €5))

309439872
14875353 (4, t3(€g, €6))

7367616

%(eq, t% (€4, 13 (es, €))) + ...,

720
319753 (€4, t3(€4, €8))

57600
49085353 (eg, t3 (€, €4))

17191104

216 4320

208354 (4, t2(e4, €5))
86400

15680554 (eg, t2(€6, €4))
14735232

“the coefficient c € @ of the first modular-depth-four contribution to g, in the last

line has not yet been computed. It is, however, a highest-weight vector and entirely
fixed by our construction.”

same page, immediately below the equation

arXiv:2406.05099v3 - 13 Nov 2025

Dorigoni, Doroudiani, Drewitt, Hidding, Kleinschmidlt,
Schlotterer, Schneps, Verbeek

two of the eight are MaScAmp Pls
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One rational number. Uniquely determined. Never evaluated.
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A SECOND CASE STUDY - THE RESULT

The number, and how we know it

c=232871129 / 8841139200

degree 16, modular depth 4 - denominator 2°-3%-52.12791 - numerator prime
HOW IT WAS COMPUTED HOW IT WAS VERIFIED
e )
8y > Ty = 0y Codex Claude
the paper's extension lemma, in exact rational word algebra to degree 17 Mathematica 13.1 Python, exact rationals
\ J
P 3 - checks S-001 ... S-008 checks I-001 ... I-007
o, at degree 12
reproduces the commutators printed in the paper, exactly written apart: the second built from the paper before the first was read
\ . 3 J
( ) ( N\
0, and 0,, below the frontier The authors' own ancillary data
match the authors' own machine-readable data arXiv 2403.14816 — an external oracle for the subtracted terms
\ . J \ )
4 ) l
g, at modular depth four p .
reproduces the published 149/13824 and -149/69120 — the gate
— J All three agree, exactly
( ) same support, same ratio, on every one of 16 251 coefficients
0., at modular depth four L )
k tional, fixed by 16 251 d coefficient . . . .
\ one unknown rational, fixed by ord coernicients J Not yet checked against anything outside the construction.
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PRACTICAL

How to start on Monday

01

Put it in plain text

LaTeX, Markdown, code, notes,
bibliography

02

Give an agent the folder

start with a bounded task you know

well

03

Write the project brief

goals, conventions, boundaries,

known pitfalls

04

Demand evidence

calculation, proof artifact, source,

counterexample

Math for Al vs Al for Math - Daniel Persson
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“Can Al do mathematics?” is not my question.

How does research change
when a fluent, tireless,

fallible collaborator joins the |
loop?

Illustration from Emily Riehl's talk “Al for math: what is happening and what it means”, September 2026.
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