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From Euler to AI



Conservative Matrix Fields (CMF)

Elimelech et al. “Algorithm-assisted discovery of an intrinsic order among mathematical constants” (PNAS 2024)
Weinbaum et al. “On Conservative Matrix Fields: Continuous Asymptotics and Arithmetic” (arXiv:2507.08138)
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43% (166) of Known Formulas Unified

Tomer Raz et al. “From Euler to AI: Unifying formulas for mathematical constants” (NeurIPS 2025)
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Ramanujan Formulas - Unified



Human Hunch: Sum Elements Look Like 3F2
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“Just ask an LLM”



Human Hunch: Sum Elements Look Like 3F2

“Just ask an LLM”

Correct, but useless…



Ramanujan Agent



Ramanujan Agent
● Numerical verification to 100+ 

digits at depth ≥ 1000.
● Convergence rate measured 

empirically.
● …



Ramanujan Agent
● Numerical verification to 100+ 

digits at depth ≥ 1000.
● Convergence rate measured 

empirically.
● …

● Test hypothesis on multiple, 
meaningfully different, cases.

● Flag uncertainties. If something is 
conjectured but not proven, say so 
explicitly.

● …



Hybrid Research Methodology 



Agent: Use ramanujantools To Scan 3F2 CMFs

Ramanujan Machine Group, “ramanujantools”, https://github.com/RamanujanMachine/ramanujantools (2025)
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Agent: Analysis of Best Candidates

Shalyt et al. “Unsupervised discovery of formulas for mathematical constants” (NeurIPS 2024)



Human: Visual Debugging With Dynamic Metrics

Same limit but 
different irrationality 
measure => NOT the 
same formula.

Shalyt et al. “Unsupervised discovery of formulas for mathematical constants” (NeurIPS 2024)



Human: Visual Debugging With Dynamic Metrics

Same limit but 
different irrationality 
measure => NOT the 
same formula.

Shalyt et al. “Unsupervised discovery of formulas for mathematical constants” (NeurIPS 2024)

Add as a guardrails!



Human: 3F2 => 4F3 

The tail of the Ramanujan sums behaves like 4F3 - the 3F2 
was a red herring.



Human: 3F2 => 4F3 

The tail of the Ramanujan sums behaves like 4F3 - the 3F2 
was a red herring.

Agent: Generalization From 1 Formula To All 17



Hybrid Research Methodology 

Human Agent
3F2 Hunch. Broad CMF Scans.

Defining task-specific guardrails 
and auto-validations.

Summarizing experimental results 
and choosing best candidates.

3F2 -> 4F3 realization. Generalization from a single 
successfully identified formula.



Each formula trajectory is along the vector (0, 1, 1, 1; 1, 1, 1).
The initial point is (1, a2, a3, a4; 1, 1, 1). A, B are seed values.

Result: All 17 Formulas Are In 4F3-Based CMFs
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Conservative Matrix Fields
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Conservative Matrix Fields



Formula Unification

Tomer Raz et al. “From Euler to AI: Unifying formulas for mathematical constants” (NeurIPS 2025)



Ramanujan Formulas Unification



Human: Looks Hypergeometric



Human: Looks Hypergeometric



AI: Translate All Summands Into 3F2



Human: 3F2 => 4F3 

Tail sum:



Human: 3F2 => 4F3 
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AI: Apply The Method To All 17 Formulas

Each formula trajectory is along the vector (0, 1, 1, 1; 1, 1, 1).
The initial point is (1, a2, a3, a4; 1, 1, 1). A, B are seed values.
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Dynamical Metrics

Shalyt et al. “Unsupervised Discovery of Formulas for Mathematical Constants” (NeurIPS 2024)



Scanning CMFs - Continuity of Metrics Vs. Angle

● 𝛇(3) CMF.
○ Reproducing Apery’s 

irrationality-proving sequence.
● Metrics seem (empirically) to be 

continuous as function of angle.
○ Convergence rate.
○ Irrationality measure.
○ Sequence eigenvalues.
○ Etc.

● Next big goal: 𝛇(5) irrationality.

Log[GCD] Vs. Angle

Irrationality Measure Vs. Angle



Scanning CMFs - Continuity of Metrics Vs. Angle

● 𝝅 CMF.
○ Best convergence rate is at 45°.
○ Best irrationality measure is at ~63°, presumably arctan[2].

Log[error] Vs. Angle Irrationality Measure Vs. Angle


