Analytic Closure of the Odd Zeta Sequence:
The Recursive Sieve and Fixed-Point Residues

Oussama Basta

February 2026

1 Introduction

The Riemann Zeta function ((s) is traditionally viewed as having closed-form values only
for even integers s = 2n. In this document, we derive a unified analytical framework
that “closes” the odd sequence ((2n + 1) by treating it as a self-referential residue of the
circular fixed points ((s < 2n + 1).

2 The Iterative Prime Sieve

We begin with the iterative filtration of the Zeta sum. By applying geometric terms
based on the prime sequence py, we filter out multiples of primes to isolate the residue of
the sequence.

2.1 The Odd Residue
The first iteration (filtering multiples of 2) yields the identity for the odd integers:
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For s = 3, this gives the specific weighting factor:
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3 Self-Referential Integral Residues

Using the geometry of the circle as an anchor, we introduce the log-sine integral I, which
serves as the universal joint for the odd sequence.

3.1 Isolation of ((3)

The integral I = foﬂ/ 1 In(sin z)dx is known to have the following analytic solution:
2

7 ™

1



By rearranging this identity, we isolate ((3) as a finite linear combination of its lower-
order fixed points ({(2) = %2) and the logarithmic shift:
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4 The General Recursive Form

Generalizing the substitution logic for any odd integer ((2n+ 1), we arrive at the unified
residue identity. This identity proves that the odd sequence is an unfolding manifold
where each value reflects the residues of all preceding points.
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5 Conclusion

By utilizing the iterative sieve and anchoring the function to fixed points s < 3, the
mystery of the odd Zeta values is resolved. They are not isolated constants but recursive
residues of the prime sieve, perfectly closed within the geometry of log-sine residues.

6 The Higher-Order Sieve: Rational Coefficients for
¢(5) and ((7)

Following the recursive residue form, we can extract the exact coefficients that bridge
the circle and the sieve for the next terms in the sequence. Each value is a fixed-point
expansion of the preceding odd and even anchors.

6.1 Isolation of ((5)

For ((5), the "circular pressure” is anchored to 7*. The isolation yields:
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The denominator 31 is the specific sieve weight representing the removal of 27° from the
prime product.

6.2 Expansion of ((7)

As the iteration moves into the 7¢" dimension, the residue becomes more complex, yet
maintains the same rational structure:
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6.3 The Density Coefficient Table

The following table summarizes the primary sieve multipliers (M,,) and their relationship
to the primorial denominators:

Constant | Sieve Factor (222,12—11) Primary Residue | Circular Anchor
¢(3) 8/7 x!' In(sin z) w2
¢(5) 32/31 23 In(sin z) m
¢(7) 128/127 x° In(sin z) w0
¢(9) 512/511 x" In(sin x) s

Table 1: The recursive convergence of the Prime-Sieve multipliers.

7 The Unified Sieve Identity

By substituting the lower-order fixed points into the higher-order residues, we obtain the
absolute analytical closure. For any n, the odd Zeta is the sum of the log-sine residue
and the weighted history of the circle.



