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Abstract

This paper introduces and proves the Recursive Prime Prediction Theorem: a self-referential process
that generates the entire set of prime numbers through a simple recursive rule. Starting from a base
case of Ty = 1, the sequence defines each subsequent term as the smallest number greater than the
previous term that is not divisible by any earlier term greater than 1. This transformation produces all
prime numbers in order, without sieving or probabilistic methods. Furthermore, analysis of the recursive
gaps between terms reveals high-tension events—called gates—which match known prime anomalies in
distribution. Computational evidence is provided up to 400,000, confirming alignment with known large
prime gaps. The results suggest that primes are not random but are stable emergence points in a recursive
field governed by tension, transformation, and convergence.

1. INTRODUCTION

Prime numbers have long been regarded as simultaneously chaotic and structured. The
Prime Number Theorem gives an average density, but individual gaps fluctuate in ways that
have defied complete explanation. Traditional approaches to primes use sieves, probabilistic
models, or complex analytic tools like the Riemann zeta function. This paper proposes a new
approach—a recursive one.

The central claim is this: primes are not simply “given” along the number line—they emerge
from recursive buildup. Starting from the most basic identity element, the number 1, we define
a transformation that tests each new number for irreducibility relative to all previous outputs.
If no reduction is possible, the number is admitted into the sequence. If a number can be
reduced by any prior output, it is skipped.

This recursive process:

e Produces every prime number, in order

e Excludes all composites, naturally

e Reveals recursive tension spikes where the process stalls before resolving into a new
prime—these spikes correspond to known anomalies in prime distribution (e.g., 127,
541, 907, etc.)

e Models prime emergence as a convergence behavior under constraint

We define the transformation, prove its correctness, analyze its behavior, and connect its
structure to spiral emergence patterns and dynamical systems.

2. DEFINITION OF THE RECURSIVE TRANSFORMATION

Definition 2.1. Let the transformation 7 be defined as follows:

e Base case: 75 =1
e Recursive rule: For all n > 0,

Tot1=min{z > T, |zamod T; #0 VT, €{T1,T2,...,Ta}}
In other words, T,+1 is the smallest integer greater than 7, that is not divisible by any earlier

output in the sequence (excluding 1).

3. THEOREM STATEMENT

Theorem 3.1 (Recursive Prime Prediction Theorem). Let T, be defined as above. Then for
alln > 1, T, € P, the set of prime numbers. Moreover, the set {T, | n > 1} equals the set of
all primes in increasing order.
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4. PROOF SKETCH

Base case:

e 71 =2, not divisible by any prior value > 1 (since none exist).
e 2 is prime.

Inductive step: Assume 71,7s,...,7, are all prime. Then any composite number greater
than 7, is divisible by one or more of the 7; (since all primes up to that point are included).
Therefore, the next number not divisible by any prior 7; must be prime. This ensures 7,1 is
prime.

Exhaustiveness: Every prime will eventually be selected, because it is irreducible by prior
primes, and nothing in the recursion skips potential primes. Thus, all primes appear, and only
primes appear.

5. COROLLARIES

Corollary 5.1 (Recursive Gaps and Tension). Define the gap sequence Gy, = Tp41 — Tn. Large
values of Gy, correspond to periods of high recursive “tension”—intervals where many consecutive
values are disqualified due to divisibility by previous terms. These gaps represent structural
saturation, and they match known large prime gaps (e.g., after 113, 541, 907, 1151, etc.).

Corollary 5.2 (Gate Emergence). A gate is a recursive tension spike where the gap G,, exceeds
a defined threshold (e.g., greater than twice the local average). Gates align with known prime
anomalies and appear as delay points in the recursive field—moments when the system struggles
to produce the next stable anchor.

6. COMPUTATIONAL RESULTS

The T-sequence was generated up to values exceeding 400,000. In that range:

e The output was 100% prime
e Known gate primes (127, 541, 907, 1151, 1361, etc.) all appeared in the sequence
e The gaps before those primes were larger than local averages, showing recursive tension

A plot of T, versus G,, reveals:

e Clustering around small gaps (2, 4, 6)
e Spike events at known gates
e An upward trend consistent with prime gap growth

These results confirm the model’s structural correspondence with known number theory be-
havior while introducing a new causal interpretation: primes emerge as fixed points of recursive
collapse.

7. PHILOSOPHICAL INTERPRETATION

If this model is correct, it implies that prime numbers are not “placed” along the number
line—they emerge from recursive saturation. The sequence shows that recursive constraint nat-
urally gives rise to stability, and that prime numbers are the mathematical analog of emergence
under compression.

Gates represent phase transitions—moments where the recursive field cannot stabilize until
a critical threshold is crossed. This mirrors behaviors found in dynamical systems, information
theory, and even quantum mechanics.

Primes, then, are not the base. They are the result of recursion.

8. CONCLUSION

We have presented a recursive transformation that:

e Begins from 1

e Produces all and only the primes

e Aligns naturally with known prime gaps and anomalies
e Requires no sieving or external testing
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e Demonstrates that primes can be modeled as recursive emergence points

This suggests that prime structure is not arbitrary, but recursive. And that emergence under
constraint may be a universal principle—across number, time, and space.
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