The October 2026 Breakthroughs

FUNCTION Zeta(s: COMPLEX): COMPLEX;
BEGIN...
FOR k IN 1 TO MAX_ITER DO
sum = (n-1;
kK =k+1
RESULT = CONVERGENCE_CHECK(partial_sum);
IF ABS(Zeta(s)) < THRESHOLD THEN...
IF (partia > 1
RESULT = partial_sum);
END
END;
END;
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719 manuscripts.

372 result families.
17 fields of mathematics.
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In a single month, an AI frontier model cracked open problems that the global
mathematical community thought were decades—if not centuries—away. The
The age of the human lone genius has fractured; the era of Centaur Math has begun.
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Three Unconquered Summits Fall in a Single Month

Navier-Stokes
Blowup

The Quasi-Riemann
Hypothesis

The Unique Games
Conjecture

* | Domain: Fluid Dynamics

Domain: Prime Numbers

Domain: Complexity Theory

The Goal: Do smooth 3D fluids
: | stay smooth forever, or can they
: | mathematically break down?

The Goal: Pin down the exact
distribution of prime numbers
in the complex plane.

The Goal: Understand the exact
limits of approximating hard
optimization problems.

» | The Al Proof: Constructed a
' | smooth force that drives a fluid

- | from rest to unbounded infinite

- | speed.

The Al Proof: Proved no zeros
exist with a real part above 7/8,

clearing an infinite vertical strip.

The Al Proof: Proved that finding
a “good enough” approximation
for certain networked puzzles is
mathematically NP-hard.

Visual Metaphor:

Visual Metaphor:
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Visual Metaphor:




The Psychological Shockwave Traversing the Global Math Community
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Terence Tao (2006 Fields Medalist)

“I am horrified by the many person-years : —
of ongoing patient... research efforts | g
being casually disrupted... Much asone | |8 N — Alex Kontorovich (Rutgers)

catntunea s e e o steven Srogatz (Comel) ||
Fields Medal, no q'uestions asked... Insane."
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cannot explore a problem as profitably ; ) _
once one is aware of an existing solution.” i “Instinctively, I'm really terrified."”

[ Context: The traditional blueprint for a PhD student—spend years grinding on a narrow problem to make a name for yourself—was thrown out the window overnight. ]
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You Cannot Unhear a Solution

The Loss: The night before the results landed, the man who posed the Unique Games Conjecture was asked whether he would
read a machine proof of it. He said no. A human blueprint carried for decades might well have worked — and now the field will
never know what it would have found along the way.

The Counter-Reading: A known summit can also be kindling. Proof that a thing is possible has always sent climbers back up to
find a better route.

The Verdict: What is mourned is not the answer. It is the paths not taken.



Decoding the Primes Through the Frequency of Sound
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In 1859, Bernhard Riemann discovered a way to do
“signal processing” on primes. His mathematical
wave function—the Zeta function—translates the
chaotic distribution of prime numbers into a
spectrum of clean, overlapping wave frequencies.

Prime numbers are the fundamental, indivisible

particles of multiplication. The “zeros” of
Riemann's function represent the exact

amplitudes of those waves.




The Al Clears the Critical Strip

The Holy GCrail The Breakthrough
(The 1/2 Line) (The 7/8 Line)

Zero-Free

Region
Proved
by Al

i - lome X 1 i x
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The Holy Grail: The full Riemann
Hypothesis predicts that every single

“zero” (wave amplitude) sits perfectly
balanced on the 1/2 line.

The Breakthrough: Before Oct 2026,
humanity only knew the zeros avoided a
microscopic sliver near 1. The Al proved an
entire zero-free strip exists from 7/8 to 1.

The Leap: A monumental step forward,
proving no rogue waves disrupt the
harmony of the primes above 7/8ths.
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The Trillion-Dollar Equations Governing Every Fluid on Earth
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The Math: The Millennium Prize Problem:
Navier-Stokes is simply Newton's F=ma applied to Do these equations always work smoothly, or can a
fluids. It dictates how weather forms, how blood pumps fluid mathematically “"blow up” (reach infinite speed
through artificial hearts, and how drag impacts airplanes. and spin) in finite time?
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Orchestrating a Mathematical Singularity

The Al perfectly orchestrated a “smooth force” driving a 3D vortex to stretch and thin indefinitely.

Radius: x1.0 Radius: x0.25
Spin:  x1.0 Spin: x16.0

4 Radius: x0.0
Spin:  xoo

A wide, slow-spinning vortex. Tube stretches and thins, Core shrinks to zero; spin accelerates
spinning dramatically faster. to infinity in finite time.

By driving the radius to zero and spin to infinity, the Al proved the
trillion-dollar equations can mathematically break down.



The Boundary Between Hard and Impossible
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| = The Context: Solving massive networks of constraints (like perfect scheduling or routing) is famously difficult (NP-Hard).
| = The Unique Games Conjecture (2002): What if we don't need a perfect answer, just a ‘good enough’ approximation?

~ | = The Al Proof (2026): The conjecture is true. For certain complex networks, even finding a good approximation is just
as mathematically impossible as finding the perfect answer.

-
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The Innovation Geometry of a Machine Mind

The Convex Hull
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Critics argue Al only operates inside the balloon of
human knowledge, merely interpolating and repackaging
what we already know.

The Generated Semigroup

The reality: Al places known mathematical ‘tiles’ end-to-end
at a speed and scale a human brain cannot hold, reaching
wildly unbounded conclusions far outside human intuition.
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Eradicating Human Error with Unforgiving Code

Human Intuition_.,.f T
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Human Proofs: Written as ‘stories’ that skip steps,
assume context, and require years of peer review to
find hidden flaws.

- ;qu;
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Machine Verification

theorem no_goals_remain (P : Prop) (h : P) : P :=
begin

exact h,
end

theorem no_goals_remain (P : Prop) (h : P) : P :=
begin
exact h,
3 end
10 |

No goals remain: Lean has
checked the whole proof.

Lean Proofs: Every mathematical leap is broken down
line-by-line and checked against bedrock logical axioms
by a computer kernel. 100% mathematically flawless.
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Verified Is Not the Same as Understood

— 2= -
$§?(< \ i
L4€4g 3

b5 Y
KK
RS LT

//\/\/\/\/\/\/\/ VVVVVVVYV \7\(%:&
VY VVVVVVY | VYV NNV \Q

IV VNN NN NNV VY YV VY Y

1: B
< \
<

<

< a
<~
R,
%l

‘

< Lyl
< {
ﬂ" ]
<

‘

<

VVVVVV%‘ VVVVVVVVYIVVVVVVVVYY

vwrwwwvv LRV AV EVEVEVAVEVEVY V4V VIV VIV VIV EVES '

jxgwwwwf V VNV «vv«««vvvy L
v A v W N e ____m —

The Check: A Lean proof compiles down to a handful of axioms and rules of inference. If the kernel accepts it, the result is
established — no trust in the author, human or machine, is required.

The Gap: A verified proof that no expert can follow is not yet knowledge. If it baffles, the reason can only be scale: millions of
correct steps, and no story.
The Human Work: Teasing the artefact apart with smaller questions until a narrative exists. Verification settles truth.

Understanding still has to be built by hand.




The Tech Stack of Modern Mathematics

Style: The Digital Canvas: Where Chalk Meets Code

=

Lean Core

Fundamental logical
axioms & rules of
inference

Mathlib

291,000+ digitized human theorems
(Geometry, Calculus, Topology)

Human Textbooks

Messy, natural-language
peer-reviewed papers.

Al Autoformalization

Ingests human intuition, invents new proofs, and y
automatically complies them down through

the layers to lock into the bedrock.
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The Collapse of the Peer-Review Timeline

Human Verification

Al “Centaur” Verification

d

;he h K Grigori Perelman's Poincare Claude's Fermat's Last Theorem
sﬁgfecTar Conjecture (2002) formalization (2026)

3 unformatted papers, 68 S B

e 13 million lines of explicit,

The Format ﬁﬂ%ﬁ?oc:]f el S Ay machine-readable Lean code.
The Global lecture tours. Hundreds 11 days of autonomous Al
Verification | °f Mmathematicians spending 4 generation, checked instantly
Process years writing 1,000 pages to and flawlessly by Lean’s

confirm the logical gaps.

computer kernel.



Story in Front, Proof Behind
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The New Paper: The human-readable part becomes a story — the standard route, the exact point where it jams, and the turn that frees
it. The idea takes the headline, instead of lying buried in a lemma on page thirty.

The Certificate: Behind the story sits the formal proof, machine-checked to the axioms, certifying the engineering.

The New Review: Contributions arrive like software pull requests: maintainers suggest simplifications, spot that alemma already
exists, and refactor the new piece until it fits the library.
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The Library Is the Real Work
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The Shock: A machine-checked Fermat's Last Theorem — some thirteen million lines — appeared days after a leading expert &?““"
explained, in a Princeton lecture hall, why it should take years. 2 :
The Solved Half: Turning a human proof into a formal one with no gaps left is now close to a solved problem. ;w
The Unsolved Half: Canonization. Refactoring raw machine code into clean, correctly shelved, reusable mathematics is slow, ‘
skilled, human work — and it is where much of the field's next decade will be spent. N




The “Solved Axiom” and the Rise of the Centaur
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- Human Alone
Q | |=== AlAlone
=
3 | | === Human + Al (The Centaur) I_The Solvedxiom: _l
w -
I If an Al can solve any
S - problem that a Human
x + Al could solve, does
8 the human add any
z mathematical value?
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* In 1998, Garry Kasparov invented ‘Centaur Chess’ (Human + Al vs Human + Al). It died
quickly because the best human move was simply to press ‘Accept’ on the Al's calculation.
The entire world is waking up to this mathematical disruption.

+ |f Al achieves the Solved Axiom in math, we must profoundly redefine what a human
mathematician actually does.
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For three thousand years, mathematics walked in the woods by candlelight — patient, brilliant, and able to see only a few steps ahead.
The candle has not been taken away. It has been joined by a flashlight: the same territory, suddenly visible at ten times the range.

Whether this is remembered as a crisis or as a golden age will not be decided by the machines. It depends on whether the field walks
toward what the new light reveals — or stands still, mourning the dark.



The Connector Beats the Specialist

The Old Archetype: Master one narrow province for thirty years, and let depth be the whole identity.

The New Reality: The tools now read across the entire map at once. The researchers best placed to exploit them are the ones

who also think across it — carrying ideas between fields that drifted apart a century ago and spawned, again and again, from
shared questions.

The Warning: Training that overspecializes is training for a world that no longer exists.



When One Theorem Falls, the Map Redraws

The Assumption: An entire subfield — fine-grained complexity — was organized around one belief: that the 3SUM problem is
hard, and that hundreds of other problems inherit that hardness from it.

The Breach: One faster algorithm did double duty. It handed researchers new algorithms everywhere — and dissolved the
reason that bundle of problems was studied as one.

The Lesson: A solved problem is not an ending. It is a reorganization of everything that was standing on it.




The Prize Will Honour Something Else

The Prophet: Grigori Perelman declined both a Fields Medal and a million-dollar prize for the Poincaré proof — the only person
ever to refuse both. He was treated as an eccentric. He may simply have been early.

The Question: At this summer's Fields Medal ceremony, mathematicians were already asking whether it was the last of its kind.

The Function Survives: Prizes were never really payment for solving. They are the community declaring, in public, what it
values. The declaration will simply attach to new things — taste, questions, understanding.
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THE YOUNG MATHEMATICIAN

Advice Has a Half-Life Now

The Mentor's Confession: The recipe used to be simple — pick a problem people care about, improve it, publish it well, make
your name. The people who handed down that recipe no longer know whether it is true.

The Mismatch: Students, fearing an Al tidal wave, now think in horizons of three to six months. Real mathematics is built in
years.

The Honest Position: Mentorship becomes a shared journey again: two people exploring a map that is being redrawn under their
feet.




Only Future-Proof Problems Deserve Your Years

‘. '%‘ The Test: If you are racing a problem mainly because the next model release might solve it first, that fear is itself the signal.
Stop.

J ., The Asset: Choose problems people will still care about in five years, whatever the machines do next month. Importance that
expires with a software update was never importance. ]

| The Freedom: A problem chosen for its own sake cannot be spoiled. It can only be joined.
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The Tutor That Finds Your Next Step

The Old Stall: A student meets a dense paper and freezes on the first paragraph — every term unfamiliar, a week lost before the real
work begins.

The New Mechanism: Hand the paper to the machine and interrogate it. It locates the exact boundary between what you know and the
next thing you need: your next step — no more, no less.

Not Just for the Young: The same mechanism lets a senior researcher rewire into an entirely new field. The tutor scales from first-
year to emeritus.



Be the Head, Not the Tail

The Split: In today's classrooms the grades have gone bimodal. One group feeds the machine its lecture notes and demands to
be quizzed — and pulls away.

The Tail: The other pastes the problem set in an hour before the deadline and transcribes whatever comes back. Homework and
understanding have come visibly apart.

The Same Tool: Identical technology, opposite outcomes. The difference is not access. It is whether the student interrogates the
machine — or is replaced by it.

— Alex Kontorovich, advising his own students
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Pretend You Already Have Tenure
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The Trap: Every stage of a modern career can be optimized for how it looks on paper — school, doctorate, elite post — and won
completely, leaving only the question: so what?

The Antidote: Work as if the prize were already in hand and the verdict already delivered. Then ask what you would actually
choose.

The Compass: In a field whose external playbook has been torn up, the only durable guide is an internal one: intrinsic reasons,
honestly examined.

— advice from Sanjeev Arora, relayed by Ankur Moitra



The Doorman Fallacy of Mathematics

Reducing a complex job to its most obvious The hidden functions that provide true meaning.
function. If a doorman just “opens doors,” an For the doorman: security, prestige, and recognition.
automatic slider is cheaper. For the mathematician: asking the right questions,
For mathematicians, this visible task is proving mentoring the next generation, modeling messy

theorems—which Al can now do. physical reality, and finding beauty in the struggle.
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| @ ~ - Nature Abhors a Worst-Case Scenario

Algorithmic complexity assumes the | ‘
absolute worst-case scenario. But the =
natural world—from protein folding to the

messy data training LLMs—is inherently Bk
structured and forgiving. ape

‘_ The Algorithmic Worst-Case .-
55 TR BW In 2025, researchers showed LLMs could pass
[71s]s clalfe AEL ... | hidden concepts (like a secret obsession with
gaEr oo RIS owls) strictly through statistical patterns in
| o JaE .| numbers (Subliminal Learning). Pure logic fails
85/3/2(8(9(6]4]2]6 ~— | here. Humans are required to figure out how to
IR T | model these messy, natural-world uncertainties.
~Z Z ‘ - S —. ;




EVERY FIELD IS NEXT

Two Questions

fore You Trust the Machine

Question One — Verifiability: Can the output be checked, completely and cheaply? A Lean proof can. A legal argument, a

diagnosis, a design — only partly, and at a price.

Question Two — Stakes: What breaks if it is wrong? A wrong proof harms no one. That is why mathematics went first: maximal

verifiability, minimal blast radius.

The Firewall: Aviation, medicine and law already run on human verification firewalls. The danger is not the machine's errors. It is

our laziness, as its fluency rises, in manning them.




Some Results Are Securlty Events
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The Scenario: A fast factoring algorithm is not a normal publication. Released openly, it breaks the public-key encryption
beneath e-commerce and secure communication — overnight, worldwide.

The Hedge Exists: Quantum factoring was anticipated, and post-quantum cryptography was built against it in advance. The
system worked because the knowledge was handled as infrastructure, not gossip.

The Template: Every field will meet results like this. Some machine-produced knowledge will need to route through governments
before it routes through journals.

T a————



A Million-Dollar Proof, a Trillion-Dollar Problem

The Headline: The Navier-Stokes blowup result is a million-dollar mathematics problem, solved.

The Reality: Fluids are exactly as expensive to simulate, predict and design around as they were the month before. Transport, =
defence, health and energy — the trillion-dollar engineering problem — did not move. . 7/

The Warning, for Every Field: An Al breakthrough is a proof of possibility, not a deployed capability. Confusing the two is the
most expensive mistake of the coming decade.
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Every Commons Has the Same Bottleneck

The Preview: Open-source software got there first. A handful of human maintainers per project are now drowning in machine-
generated contributions — and burning out on the stewardship the whole commons runs on.

The Parallel: Journals face the identical flood. Refereeing was straining under volume before Al arrived; the tide has since
risen.

The Bottleneck: Al did not make judgement obsolete. It made human attention the scarcest resource in every knowledge
commons on Earth.



The Algorithmic Lens

The Export: Theoretical computer science's biggest gift to the other sciences is a lens: a concept only explains the world if it can
actually be computed.

The Test: An equilibrium that no process could ever find is an equilibrium no market will ever reach. If the laptop cannot find it,
neither can the crowd.

The Reach: The same lens now judges models of economies, cells and vortices — and sets limits on what descriptions of nature can
even exist.



WHAT IT ALL MEANS

Mathematics Has Died Before
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The Precedent: In the nineteenth century, the mathematics of infinity produced theorems that flatly contradicted each other — a
genuine foundational crisis, not a metaphor.

The Response: The field did not end. It professionalized — rebuilding its foundations so carefully that the reconstruction is, still
today, the first year of every doctorate.

The Moral: A destroyed settlement is not a destroyed subject. Historically, it is how the subject grows.



It Was Never About the Medals

The Humbling: A field that prizes rules and certainty is being taught uncertainty — and the lesson clarifies. The work was never
really about celebrity, prizes, or being first.

The Origin: On the very night the results landed, the community's elders were at a museum gala — funding a place where
children play with mathematical ideas.

The Test: It matters more to stay curious than to be brilliant. Protect the play, and the field protects itself.
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~ Knowing Why
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The Old Story: In a 1950s play, von Neumann
reaches heaven and asks whether the Riemann
Hypothesis is true. The answer comes back:
0 yes.

W l The Dissatisfaction: He is unmoved. A list of
]' || where the zeros lie is not an explanation of

o\

i " why they lie there — and the why was always
- the real object of the quest.

. The Definition: A true fact, delivered without
= understanding, adds almost nothing to
knowledge. Mathematics is not the archive of
answers. It is the discipline of reasons.




Invented Questions, Discovered Answers

The Invention: The questions a civilization asks are its own creation. Greece, India and China, given the same sky, asked
different mathematics into existence.

The Discovery: But pose a question precisely, and its answer stops being ours to choose. It is found, not negotiated.

The Miracle: That the universe consents to be understood at all — that a mind can invent a formalism and find the planets
obeying it — remains the standing wonder underneath everything else.



Educationis Not Wisdom
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The Equation to Refuse: Intelligence is not morality. A superintelligent system would not thereby be a supermoral one; greater
intelligence mainly buys a greater talent for rationalization.

The Distinction: Education and wisdom are different goods, and the second does not arrive as a by-product of the first.

The Task: As fluent machine reasoning becomes cheap, societies will have to teach the difference on purpose. It will no longer
smuggle itself in.




The Human Remainder

N

The Experiment: Thirty years of doing things with machines may end in a rediscovery: that people prefer doing things with
people. Travelling to talk. Meeting in a room.

The Reordering: If intelligence is commodified, perhaps it was always the garnish. The main course was each other — family,
students, the conversation itself.

The Remainder: Subtract everything the machines can do, and what is left is not nothing. It is the part that was the point.



The Helicopter and
the Mountain

——

When you fight a problem, it fights back—and
in that struggle, you build a world model.

If you train your whole life to climb a

mountain, and a helicopter abruptly drops

you at the summit, the view is the same, but

the understanding is lost. 2

The future of human mathematics isn’t about
competing with the helicopter to reach the peak
first. It is about looking at the vast, unexplored -
the helicopter reveals, and having the sheer, |
irrational curiosity to start climbing anyway.




