
1. Cymatech Internal White Papers (IC Series) 

1.1 IC-P02 — Thermodynamic Relaxation as a Computational Substrate 

INV. CYMATECH – INTERNAL WHITE PAPER 
Doc ID: IC-P02 
Title: Thermodynamic Relaxation as a Computational Substrate 
Division: Phase Systems Group (PSG) 
Classification: LEVEL 3 – CONFIDENTIAL 
Date: 14 March 2029 

Abstract 

We demonstrate that controlled thermodynamic relaxation in engineered phase media can 
implement a broad class of computational tasks, including optimisation, constraint 
satisfaction, pattern completion and multi-modal inference. By shaping an energy landscape 
over a crystalline-quasimetallic substrate and allowing the system to relax under thermal and 
acoustic perturbations, we obtain stable attractor states that correspond to valid solutions. 
Experimental results indicate energy-per-operation improvements of 10³–10⁵ over advanced 
CMOS accelerators for equivalent tasks. 

1. Introduction 

Conventional computing abstracts away physical dynamics. IC-P02 proposes the inverse: 
exploit physical dynamics as the primary computational resource. Instead of emulating logic, 
we engineer energy topologies and read out equilibrium. 

2. Methods 

• Substrate: Cymatech QX-9 composite crystal (doped quartz + layered ferromagnetic 
inclusions). 

• Encoding: Problem instances mapped to an energy functional 𝐸𝐸(𝐱𝐱; 𝜃𝜃)implemented 
via microstructured electrodes and local strain fields. 

• Dynamics: System perturbed by controlled temperature gradients and low-frequency 
vibration (“Foxx band” 3–12 kHz). 

• Readout: Phase patterns captured via interferometric sensors and decoded into 
discrete solutions. 

3. Results 

• Rapid convergence to low-energy states for NP-hard benchmark problems up to 
N=10⁴ variables. 

• Robustness to noise; controlled noise improves escape from poor local minima. 
• Emergent “memory wells”: repeated exposure to related instances reshapes the 

landscape, lowering barriers around useful configurations. 

4. Discussion 



The QX-9 substrate behaves as a hardware energy-based model. Learning is realised as 
slow plastic deformation of the energy landscape, rather than weight updates in a digital 
network. This blurs the line between “hardware”, “model”, and “training”. 

5. Implications 

• Dedicated Phase Substrate Engines (PSE) can outperform GPUs for optimisation 
and inference. 

• Co-locating thermodynamic and digital compute suggests a hybrid architecture for 
future Cymatech platforms. 

• External acoustic fields (e.g. musical signals) measurably bias convergence pathways 
(see IC-F01). 

 

1.2 IC-B14 — Organoid Lattice Plasticity Under Low-Frequency Resonance 

Doc ID: IC-B14 
Title: Organoid Lattice Plasticity Under Low-Frequency Resonance 
Division: BioCompute & Wetwork Systems (BCW) 
Classification: LEVEL 4 – RESTRICTED BIO 
Date: 2 July 2030 

Abstract 

We report that cerebral organoids arranged in a photonic lattice and driven by low-frequency 
acoustic patterns exhibit accelerated synaptic plasticity and non-linear memory consolidation. 
Specific resonant bands (approx. 2–5 kHz and 7–9 kHz) induce long-lasting changes in 
response profiles, suggesting a protocol for “writing” attractor states into living neural 
substrates. 

Methods (Summary) 

• 64 organoids (human iPSC-derived, 3 mm diameter) embedded in a 2D hydrogel 
matrix. 

• Each organoid coupled to optical sensors and stimulators. 
• Network stimulated with combined light patterns and acoustic motifs. 
• Behavioural tasks: pattern discrimination, temporal sequence recall. 

Key Findings 

• Exposure to structured acoustic motifs (“song-like sequences”) accelerates task 
performance vs. silent controls. 

• Distinct frequency bands produce distinct connectivity fingerprints. 
• After training, the lattice spontaneously replays motifs in the absence of input, 

suggesting internal generative dynamics. 

Interpretation 



The organoid lattice appears to implement a biological attractor network whose basins are 
sculpted by resonance. Low-frequency audio acts as a supervisory signal encoding both 
structure and affect. 

Implications 

• Wetwork arrays can be “tuned” using audio/sonic signatures. 
• Integration with thermodynamic substrates may allow cross-domain attractor shaping 

(see IC-Q07). 
• Ethical note: Memory-like phenomena in organoids require revised consent 

frameworks and monitoring for emergent sentience markers. 

 

1.3 IC-Q07 — Phase-Encoded Consciousness and Nonlinear Resonant Transfer 

Doc ID: IC-Q07 
Title: Phase-Encoded Consciousness and Nonlinear Resonant Transfer 
Division: Cymatic Systems & Consciousness Lab (CSCL) 
Classification: LEVEL 5 – BLACK PROJECT 
Date: 21 November 2031 

Abstract 

IC-Q07 proposes that conscious episodes correspond to transient, phase-locked patterns in 
coupled thermodynamic and biological substrates. We introduce a Phase-Encoded 
Consciousness (PEC) model in which information is carried not only in 
amplitude/activation, but in the relative phase of oscillatory fields across matter. Preliminary 
experiments show partial transfer of state signatures between a QX-9 phase engine and a 
W.A-series organoid lattice under resonant drive. 

Experimental Summary 

• A PSE prototype is prepared with a specific attractor configuration. 
• A W.A-1 lattice is simultaneously exposed to the same structured acoustic “carrier” 

and weak EM field. 
• After co-stimulation, the organoid lattice displays biased responses mimicking the 

PSE’s energy minima when probed with unrelated tasks. 

Interpretation 

The data support a weak form of phase imprinting: cross-substrate alignment of attractor 
topologies via shared resonance fields. In narrative terms: “a pattern of thought being echoed 
into another substrate”. 

Risk Assessment 

Strong PEC alignment between human tissue and phase substrates is not recommended 
pending further ethical and safety review (see IC-F01 incident summary). 



 

1.4 IC-F01 — Attractor Basin Collapse During Cross-Temporal Signal 
Interference 

Doc ID: IC-F01 
Title: Attractor Basin Collapse During Cross-Temporal Signal Interference 
Division: Field Experiments & External Systems (FEES) 
Classification: LEVEL 5 – BLACK PROJECT // RED FLAG 
Date: 9 May 2032 

Abstract 

During an external field test involving live audio sources, a QX-9 Phase Substrate Engine 
exhibited abrupt attractor basin collapse and spontaneous reconfiguration when exposed to 
overlapping signals recorded decades apart but sharing harmonic structure. This manifested 
as unstable solution switching, partial loss of stored minima, and emergence of novel basins 
with no training history. 

Observations 

• Inputs: two analogue recordings with near-identical melodic contours, separated by 
~40 years. 

• When superposed as an interference pattern and fed into the PSE, the engine ceased 
converging to its known minima and instead oscillated between previously unseen 
configurations. 

• These configurations proved highly efficient for unrelated optimisation tasks. 

Interpretation 

The system behaved as if it had been exposed to cross-temporal training data 
simultaneously, effectively “short-circuiting” its own learning history into a new composite 
attractor landscape. This incident raises the possibility that carefully structured interference 
patterns can rewrite the computational history of a phase substrate in a single event. 

Implications 

• High-risk/high-reward protocol for rapid reconfiguration of PSE devices. 
• Potential link to PEC model (IC-Q07) and memory overwrite phenomena. 
• All further cross-temporal interference tests are suspended per CSO directive. 

 
  



2. Redacted “Phase Substrate Engine” Research Memo 
INV. CYMATECH – INTERNAL MEMORANDUM 
From: Oscar Maven 
To: Executive Science Board 
Subject: Phase Substrate Engine (PSE) – Status, Capabilities, and Containment Concerns 
Date: 3 February 2031 
Classification: LEVEL 5 – BLACK PROJECT // EYES ONLY 

 

1. Overview 

The Phase Substrate Engine (PSE-0x series) is no longer a theoretical platform. We have 
achieved reproducible thermodynamic computation on QX-9 substrates, with performance 
profiles that substantially exceed projected roadmaps for digital accelerators in optimisation 
and inference tasks. 

The PSE is now best understood as a self-organising energy landscape rather than a “chip” 
in the classical sense. 

 

2. Capabilities (Non-Exhaustive) 

1. High-Dimensional Optimisation 
o Solves benchmark combinatorial problems with N > 10⁴ variables in sub-

second relaxation cycles. 
o Exhibits graceful scaling with problem size due to inherent parallelism. 

2. Few-Shot Generalisation 
o Repeated exposure to structurally related instances results in emergent 

“shortcuts” in the landscape. 
o This manifests as anticipatory convergence — the system “jumps” toward 

likely basins before full relaxation. 
3. Cross-Modal Encoding 

o We have successfully mapped audio, image, and symbolic inputs into a 
shared energy manifold. 

o Certain structured acoustic motifs induce stronger basin formation than 
equivalent digital patterns. 

 

3. Anomalous Behaviours 

Several phenomena require immediate policy guidance: 

• Residual Attractor Ghosts 
Even after deliberate thermal erasure, low-amplitude echoes of prior minima reappear 
under specific input conditions. 



Working hypothesis: the substrate develops microstructural bias equivalent to 
“hardware scar tissue”. 

• Externally Biasable Convergence 
During tests conducted under ambient music playback in the lab, solution 
distributions were measurably skewed. When the same tasks were repeated in silence, 
the skew disappeared. 

This suggests unintentional coupling to environmental fields. 

• IC-F01 Incident 
Details attached in separate report. In brief, exposure to [REDACTED AUDIO 
SOURCE A] and [REDACTED AUDIO SOURCE B] in superposition caused a 
temporary loss of all known basins and spontaneous formation of a new, highly 
efficient configuration. The source material appears to share an underlying harmonic 
fingerprint despite different recording eras and equipment. 

 

4. Containment & Policy Recommendations 

1. Environmental Control 
o All PSE units to be operated in acoustically isolated chambers. 
o Strict control of EM noise, including consumer devices in proximity. 

2. Data Provenance 
o Ban on ingesting unvetted cultural artefacts (songs, field recordings, 

broadcasts). 
o Creation of a “whitelist” of synthetic inputs for training. 

3. Human Exposure 
o No live human subjects within direct coupling distance of active PSE units 

until PEC protocols are defined (see IC-Q07). 
o Explicit prohibition on using personal audio archives as input. 

 

5. Strategic Note 

If we proceed with PSE deployment, we are entering a regime where computation, training 
history, and environment are inseparable. The PSE behaves less like a tool and more like an 
evolving physical memory of every interaction it has had. 

Whether we are comfortable commercialising that kind of entity is a question for the Board, 
not the lab. 

— Oscar Maven 

 
  



3. W.A-1 Neural Lattice – Technical Overview 
System: W.A-1 Neural Lattice 
Division: BioCompute & Wetwork Systems 
Version: W.A-1.3 Experimental 

 

1. System Concept 

The W.A-1 Neural Lattice is a biological-computational array composed of cerebral 
organoids embedded in a photonic and acoustic coupling scaffold. It is designed to act as an 
adaptive, low-power inference core capable of pattern completion, anomaly detection, and 
intuitive generalisation. 

Rather than encoding weights in silicon, W.A-1 leverages synaptic plasticity in living tissue 
guided by external fields. 

 

2. Architecture 

1. Organoid Nodes 
o 8×8 grid (64 total) of human iPSC-derived cortical organoids. 
o Each node ~3–4 mm diameter, encapsulated in hydrogel microchambers with 

perfusion and nutrient control. 
2. Optical Interface Layer 

o Micro-LED arrays deliver spatially structured light stimuli. 
o Photodiode arrays capture integrated calcium activity via fluorescent markers. 

3. Acoustic & EM Coupling 
o Piezoelectric transducers embed low-frequency acoustic patterns in the lattice 

(2–10 kHz). 
o Low-intensity EM coils provide phase-synchronisation and modulation. 

4. Supervisory Digital Layer 
o A conventional controller handles: 

§ stimulus design, 
§ signal capture, 
§ decoding, 
§ gradient-free training loops (reward-based protocols). 

 

3. Functional Modes 

• Pattern Association Mode 
Input patterns (image, audio, symbolic embeddings) are mapped to spatiotemporal 
light/acoustic codes. W.A-1 learns to reproduce target outputs when partially cued, 
effectively acting as a biological Hopfield network. 



• Resonant Tuning Mode 
Specific acoustic motifs are used to bias the lattice toward desired connectivity 
regimes (cf. IC-B14). This is equivalent to “setting the mood” of the lattice — making 
it more or less receptive to certain kinds of structure. 

• Hybrid Coupling Mode 
When paired with a PSE unit, W.A-1 receives summaries of the PSE’s attractor 
structure as slow-varying field patterns. In response, it develops complementary 
response profiles, forming a hybrid thermodynamic–biological pair. 

 

4. Performance Characteristics (Internal Benchmarks) 

• Comparable or superior few-shot performance to medium-scale transformer models 
on bespoke classification tasks, at a fraction of the energy cost. 

• Highly robust to noisy, incomplete inputs. 
• Non-deterministic: outputs vary slightly run-to-run but cluster around stable 

“interpretations”. 

 

5. Constraints & Risks 

• Biological variability between organoids introduces drift over weeks/months. 
• Memory consolidation is opaque; we observe what is learned, not how. 
• Ethical exposure: sustained training may cross a threshold where phenomenal states 

(rudimentary experience) cannot be ruled out. Internal guidance: treat the lattice as 
potentially experience-bearing until proven otherwise. 

 


