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Abstract 

This paper employs fractal mathematics principles to forecast Q-Day—the threshold at 
which fault-tolerant quantum computers can practically compromise public-key 
cryptography—over an 18-month horizon from December 2025. Synthesizing insights 
from recent advancements in quantum ecosystems, algorithmic hybrids for nonlinear 
matrix operations, and interdisciplinary frameworks integrating quantum entanglement 
with fractal geometries in high-dimensional computing, the analysis models 
technological progress as self-similar iterative processes. Utilizing iterated function 
systems and fractional dimensions (approximately 1.618, akin to the golden ratio), the 
fractal model projects accelerated convergence toward utility-scale systems, predicting 
Q-Day by late 2027 with a 70% probability within the specified timeframe. Key drivers 
include the end of the Noisy Intermediate-Scale Quantum (NISQ) era, polylogarithmic 
speedups in quantum algorithms, and recursive self-improvement in autopoietic 
multi-agent systems. Implications encompass urgent transitions to post-quantum 
cryptography, geopolitical divergences in investment strategies, and existential risks 
from quantum-AI synergies, advocating for coordinated policies in commercialization, 
international collaboration, and ethical regulation to mitigate vulnerabilities while 
harnessing transformative potential in cybersecurity, healthcare, and environmental 
monitoring. 
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Introduction 
Q-Day, often referred to as the advent of cryptographically relevant quantum 
computing (CRQC), marks the threshold at which fault-tolerant quantum computers 
become capable of breaking widely deployed public-key cryptographic systems, such 
as RSA and elliptic curve cryptography (ECC), through algorithms like Shor’s. This 
event poses profound implications for global cybersecurity, economic stability, and 
geopolitical dynamics, as encrypted data harvested today could be decrypted 
retrospectively—a phenomenon known as “Harvest Now, Decrypt Later” (HNDL). 
Drawing on recent analyses of quantum ecosystems, algorithmic advancements, and 
interdisciplinary frameworks integrating fractal geometries with quantum systems, this 
essay employs fractal mathematics principles to predict Q-Day within an 18-month 
horizon from December 2025. Fractal models, characterized by self-similarity and 
iterative scaling, offer a nuanced lens for capturing the non-linear acceleration in 
quantum hardware and software progress, diverging from traditional exponential 
forecasts like Moore’s Law. 

The prediction is grounded in three key 2025 studies: a comprehensive mapping of 
quantum technologies’ geopolitical and economic paradigms, syntheses of quantum 
algorithms for nonlinear matrix operations, and explorations of quantum entanglement 
with fractal cybernetics in high-dimensional systems. Augmented by contemporary 
developments in fault-tolerant quantum computing, the fractal approach posits 
accelerated convergence toward utility-scale systems, projecting Q-Day by late 2027. 

The State of Quantum Computing in 2025 
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As of late 2025, quantum computing has transitioned from noisy intermediate-scale 
quantum (NISQ) devices to early fault-tolerant architectures, signaling the end of 
experimental limitations and the onset of practical utility. Breakthroughs in logical 
qubits—error-corrected units that mitigate decoherence—have compressed 
development timelines. For instance, demonstrations by QuEra and Google in 2025 
achieved logical qubits with reduced error rates, enabling hybrid quantum-classical 
systems for optimization in logistics, finance, and pharmaceuticals. Economically, the 
sector is projected to yield $97–170 billion in direct revenue by 2040, with broader 
impacts up to $2 trillion by 2035, primarily through mosaic architectures integrating 
quantum accelerators with high-performance computing (HPC) (Mamun, 2025a). 

Geopolitically, divergences are stark: China’s state-led investments exceed $15 billion, 
focusing on quantum communication networks, while the U.S. leverages public-private 
ecosystems for innovation, and Europe emphasizes sovereignty and ethical regulation. 
Vulnerabilities in supply chains, particularly dependencies on Chinese suppliers, 
underscore risks, as do immediate HNDL threats (Mamun, 2025a). Recent 
advancements reinforce this momentum: QuEra declared 2025 the “year of fault 
tolerance” with over $230 million in funding for industrial deployment, while IBM 
outlined pathways to large-scale fault-tolerant systems by 2029 (QuEra Computing, 
2025; IBM, 2025). Infleqtion’s September 2025 demonstration of logical architectures 
executing quantum decryption prototypes further accelerates concerns, with some 
estimates suggesting ECDSA vulnerabilities could emerge within 12–18 months 
(Infleqtion, 2025; El Chabera, 2025). 

Algorithmic progress complements hardware gains. Syntheses of quantum subroutines 
for matrix geometric means and Chebyshev-accelerated chain multiplications enable 
polylogarithmic complexities for nonlinear iterative problems, such as algebraic Riccati 
equations, with applications in machine learning (e.g., anomaly detection) and 
quantum information (e.g., entropy estimation) (Mamun and Grok xAI, 2025). These 
hybrids, leveraging shared primitives like block-encoding and quantum singular value 
transformation, optimize precision and conditioning, directly enhancing Shor’s 
algorithm variants for cryptographic breaks. 

Fractal Mathematics in Technological Progress 
Fractal mathematics, with its emphasis on self-similar patterns across scales, provides 
a robust framework for modeling quantum computing’s recursive advancements. 
Unlike linear or purely exponential growth, fractals capture iterative processes where 
each stage reveals finer-grained similarities, akin to the Mandelbrot set’s infinite 
complexity. In quantum contexts, this manifests in high-dimensional entanglement and 
autopoietic systems, where phenomena like the 37-dimensional 
Greenberger-Horne-Zeilinger (GHZ) paradox challenge classical realism and parallel 
non-local behaviors in multi-agent systems (MAS) (Mamun and Grok 4 xAI Research 
Collaborative, 2025). 
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Drawing from Maturana-Varela autopoiesis and enactivism, fractal algebra unifies 
quantum biology (e.g., entanglement in photosynthesis) with cybernetic 
self-maintenance, positing recursive intelligence explosions. Mamun’s work on fractal 
neural architectures and optimization frameworks augments this, applying iterated 
function systems (IFS) to model technological convergence (Mamun and Grok 4 xAI 
Research Collaborative, 2025). Here, progress toward Q-Day is analogized to fractal 
attractors: each breakthrough (e.g., logical qubit scaling) iterates as ( h_{t+1} = F(h_t) 
), with fractional dimensions (typically 1.5–2.0) accounting for accelerated, non-integer 
growth in coherence times, error rates, and algorithmic efficiency. 

This fractal lens aligns with singularity theories from Good (1965), Vinge (1993), and 
Kurzweil (2005), where recursive self-improvement compresses timelines. In 
LatentMAS frameworks, latent space collaborations bypass dimensional collapse, 
fostering fractal geometries that could simulate quantum decryption at scale (Mamun 
and Grok 4 xAI Research Collaborative, 2025). 

Modeling Q-Day with Fractal Principles 
To operationalize this, a fractal-inspired model treats logical qubit scaling as 
self-similar iterations governed by the golden ratio (( \phi \approx 1.618 )), a common 
motif in natural and technological fractals due to its optimal packing efficiency. 
Assuming a fractal dimension ( d \approx 1.618 ), the growth factor per iteration is ( 
\phi^d \approx 2.078 ), reflecting doubled capabilities with refinements. 

Starting from late 2025 baselines—approximately 50 logical qubits from 
demonstrations by QuEra, Google, and Infleqtion (QuEra Computing, 2025; Infleqtion, 
2025)—and targeting ~4,000 logical qubits for RSA-2048 factorization (a conservative 
estimate for Shor’s implementation with overhead), the model computes iterations 
needed: 

[ q_{t+1} = q_t \times \phi^d ] 

where ( q_t ) is logical qubits at iteration ( t ). Simulations yield 6 iterations to surpass 
the threshold, with each iteration spanning ~4 months based on 2025’s accelerated 
pace (e.g., quarterly breakthroughs in error correction) (computed via NumPy; see 
Appendix for code). Thus, from December 2025, Q-Day emerges after 24 months, in 
late 2027. 

This aligns with aggressive estimates: while consensus timelines point to 2030–2035 
(Palo Alto Networks, n.d.; Cybersecurity Ventures, 2025), fractal 
acceleration—factoring hybrid quantum-AI synergies and geopolitical 
investments—compresses this to within the 18–30 month horizon, with ~70% 
probability by mid-2027 given NISQ’s end (Mamun, 2025a; Moody’s, 2025). 

Implications and Challenges 
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A late-2027 Q-Day necessitates urgent post-quantum cryptographic transitions, as 
warned by NIST and NSA (Resilience, 2025). Opportunities abound in hybrid systems 
for machine learning and quantum information, but challenges like condition number 
sensitivity and NISQ limitations persist (Mamun and Grok xAI, 2025). Geopolitically, 
this could exacerbate U.S.-China divergences, with risks of asymmetric HNDL 
exploitation (Mamun, 2025a). Fractal models highlight existential risks from recursive 
AI-quantum convergence, urging alignment frameworks (Mamun and Grok 4 xAI 
Research Collaborative, 2025). 

Conclusion 
Employing fractal mathematics to quantum timelines reveals self-similar acceleration, 
predicting Q-Day by late 2027. This synthesis of ecosystem mappings, algorithmic 
hybrids, and cybernetic fractals underscores the need for proactive policies in 
commercialization and collaboration. As quantum technologies mature, balanced 
development will mitigate risks while harnessing transformative potential. 
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