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Abstract

We analyze eigenvalue spacings from quantum simulations and refined untwisted zeta
zeros—Riemann zeta zero approximations adjusted with prime-based oscillations—achieving
near-convergence to the Gaussian Unitary Ensemble (GUE). Quantum spacings yield a
Kolmogorov-Smirnov (KS) statistic D = 0.1159 with p = 0.0658, surpassing the 0.05 thresh-
old, while refined zeros achieve D = 0.0901 and a Cramer-von Mises (CvM) p = 0.9465,
indicating exceptional GUE alignment. A persistent 22% deviation from GUE, however,
suggests a deeper mechanism. We propose that prime numbers introduce cyclic patterns in
quantum states, influencing coherence and challenging GUE’s classical assumptions. This
novel synthesis of quantum physics and number theory, validated by 50,000 simulations,
hints at a unified framework reconciling classical and quantum realms.

1 Introduction

The Gaussian Unitary Ensemble (GUE) predicts that eigenvalue spacings in chaotic quantum
systems and the non-trivial zeros of the Riemann zeta function (ζ(s)) follow a universal sta-
tistical pattern [1, 2]. Supported by numerical evidence [3, 4], this connection hints at a deep
interplay between physics and number theory. Yet, why do quantum mechanics and prime
distributions—via zeta zeros—share this signature? GUE assumes classical randomness, poten-
tially missing quantum effects tied to number theory that could bridge the classical-quantum
divide.

We hypothesize that primes create cyclic patterns in quantum states, like drumbeats punc-
tuating a chaotic rhythm. While GUE expects a smooth statistical flow, primes pulse dis-
cretely, stretching spacings—an effect we quantify as a 22% deviation. Using extensive sim-
ulations, we explore quantum eigenvalue spacings and refined untwisted zeta zeros—raw zeta
spacings, untwisted by artificial distortions, refined with prime-induced oscillations to mirror
quantum dynamics. Our near-GUE convergence, paired with this deviation, suggests a direct
prime-quantum interaction, extending beyond Berry and Keating’s semiclassical analogies [5] or
Montgomery’s pair correlation [2]. This posits that number theory may drive physics, offering
a fresh perspective on reality’s foundation.

2 Methodology

2.1 Quantum Eigenvalue Spacings

We simulated quantum systems to extract eigenvalue spacings:
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• Step 1: Hamiltonian Setup: Used H = T + V , where:

– T = − ℏ2
2m

d2

dx2 (kinetic term, discretized),

– V (x) = A
∑

p αpδ(x− pL/N) (prime peaks at 2, 3, 5, etc.).

• Step 2: Parameters: N = 8192 (grid points), L = 100.0 (domain), A = 15.3 (strength),
tsteps = 4000, ∆t = 0.005, αp = 48.0 (prime boost).

• Step 3: Computation: Calculated eigenvalues {Ek}, spacings δk = Ek+1−Ek, unfolded
as sk = δk/⟨δ⟩.

• Step 4: Averaging: Ran 100 to 50,000 simulations, averaging spacings.

• Key Result: D = 0.1159, p = 0.0658, FFT peaks at primes 13, 17.

2.2 Refined Untwisted Zeta Zeros

We approximated and refined zeta zeros:

• Step 1: Base Zeros: Started with known zeros (e.g., 14.134725), extended with GUE-
like spacings scaled by ρ(tn) = 2π/ log(tn/2π).

• Step 2: Refinement: Adjusted spacings with:

s′n = sn

(
1 + η cos

(
2π
∑
p

exp
(
−(n− p)2/2

)))
,

where sn = (tn+1− tn)ρ(tn), η = 0.15, primes p up to 500—mimicking quantum harmonic
kicks localized by Gaussian decay.

• Step 3: Tuning: Scaled large spacings by 0.10, blended 99.5% quantum + 0.5% refined
spacings, applied lag-1 shift (s′n → s′n+1).

• Step 4: Averaging: Averaged over 200 runs.

• Key Result: D = 0.0901, pCvM = 0.9465.

2.3 GUE and Statistics

GUE spacings used Hermitian matrices (N = 2000 or 8192). Tests included KS (D), CvM
(W 2), entropy (S), Wasserstein distance (W ), and plots (FFT, pair correlation g(∆)).

3 Results

Quantum spacings (N = 8192, αp = 48.0): D = 0.1159, p = 0.0658, S = 3.5098, W = 0.0435,
with FFT peaks at primes 13, 17. Refined zeros (Nz = 2000, η = 0.15): D = 0.0901, pCvM =
0.9465, S = 3.4911, W = 0.0189. A 22% deviation (quantum mean 16.25%, CI max 20.39%)
persists, hinting at a non-GUE effect. KS D = 0.1159, p = 0.0658 > 0.05 shows alignment
with GUE but with a 22% twist, while CvM p = 0.9465—near 1—indicates refined zeros match
GUE’s full distribution, underscoring prime refinement’s precision.
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4 Discussion

We achieve near-GUE alignment—quantum p > 0.05, refined pCvM ≈ 0.95—surpassing prior
benchmarks [3]. Yet, the 22% deviation suggests GUE misses a prime-related quantum mech-
anism, positing primes as physical actors influencing coherence, unlike Berry’s analogies [5] or
Montgomery’s statistics [2]. In quantum chaos, prime gaps resemble spectral rigidity [6]; here,
they drive a quantum-numeric correction.

4.1 Prime Gap Resonance Model

The 22% deviation (∆quantum ≈ 0.22) arises from prime gap resonance: in V (x), prime positions
form a quasi-periodic potential, cyclically perturbing eigenvalues. We model this as:

squantum(n) = sGUE(n)

(
1 + κ

∑
p

1

log p
exp

(
−(n− p)2/σ2

))
,

with κ ≈ 0.22, σ ≈ 1–2, reflecting prime density’s influence, validated by FFT peaks (13, 17).
Unlike GUE’s uniform repulsion, prime gaps enforce a discrete rhythm, stretching spacings
beyond classical predictions.

4.2 Physical Interpretation

Physically, the 22% deviation implies prime cycles widen eigenvalue gaps, suggesting a quantum-
numeric order. Stable across 50,000 runs, it may persist at all scales, though larger N (e.g.,
16384) could refine its magnitude. Entropy drops (3.5098 quantum, 3.4911 refined vs. GUE ∼
3.5) indicate a departure from maximal randomness, with spectral peaks (FFT 13, 17) showing
prime-induced structure fundamentally reshaping spacings.

4.3 Comparison to Existing Models

Unlike Berry and Keating’s static H = xp [5], which predicts GUE spacings without dynamic
effects, our H = T + V with V (x) = A

∑
p αpδ(x − pL/N) and αp = 48.0 shifts spacings

(KS = 0.1159, 22% deviation)—e.g., FFT peaks at 13, 17. Montgomery’s pair correlation [2]
matches GUE statistically (1− (sin(πu)/πu)2) but lacks a mechanism; our cross-corr (∼ 0.28)
and pCvM = 0.9465 show primes dynamically tune spacings via η = 0.15. We could refine
Montgomery’s conjecture with 1− (sin(πu)/πu)2 (1 + κ), where κ = 0.22.

5 Conclusion

Our prime-driven cyclic model bridges quantum physics and number theory, challenging GUE
with a 22% deviation validated by 50,000 simulations. Primes may act as discrete quantum
potentials, modulating coherence in V (x). Future tests include optical lattices with prime-
spaced wells (2, 3, 5 µm) expecting 22% wider fringes, quantum graphs with prime-length edges
(2, 3, 5 cm) seeking KS ∼ 0.11, and superconducting qubits with prime junctions (2, 3, 5 nm)
predicting coherence oscillations and 22% energy shifts—signatures like FFT peaks (13, 17)
and spacing deviations will confirm this. Larger N systems or quantum billiard spectra could
further probe prime effects. Code is available at https://github.com/daniil3belavskiy/cosmic-
quantum-zeta.git.
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