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Abstract 
 
The integration of macroscopic goal-directed agency with microscopic deterministic 
processes remains a central challenge in both artificial intelligence and cognitive biology. This 
paper synthesizes two foundational models: the Causally Emergent Alignment Hypothesis, 
which demonstrates that successful reinforcement learning agents undergo topological 
reorganization predicting goal-directed reward, and the Biological Spacetime framework, 
which conceptualizes the biological organism as a holographic quantum emulator. We propose 
that the computational latent space of a causally emergent artificial agent is mathematically 
and functionally isomorphic to the biological spacetime generated by the enteric nervous 
system and the neocortical resonant manifold. Within this unified biomechanical paradigm, the 
backpropagated reward gradient functions as a synthetic dilaton field that bends the 
informational manifold, breaking conformal symmetry to establish a preferred vector for 
action. Agents navigate this optimized geometry via active dimension selection, thereby 
minimizing thermodynamic and computational action. Furthermore, we argue that the 
predictive alignment of causal emergence with terminal rewards signifies the formation of 
traversable topological wormholes, permitting the anticipatory future state to retrocausally 
direct representational drift. By translating the abstract information theory of machine learning 
into the geometric physics of biological spacetime, this synthesis provides a comprehensive 
blueprint for developing resonant neural architectures and advancing teleonomic 
bioengineering. 
 

 
 
 

 
 



Introduction 
The persistent epistemological fracture between the deterministic locality of classical physics 
and the probabilistic non-locality of quantum mechanics has defined the trajectory of modern 
science since the early twentieth century. This schism, culminating in the 
Einstein-Podolsky-Rosen (EPR) paradox of 1935, challenged the completeness of quantum 
theory by demanding local hidden variables to explain the instantaneous correlation between 
entangled particles.1 Concurrently, the fields of artificial intelligence and cognitive biology have 
faced their own parallel crises of integration: namely, how macroscopic goal-directed 
agency—or "causal power"—emerges from the microscopic, deterministic execution of neural 
algorithms or biochemical interactions.1 

Recently, two foundational theoretical frameworks have been proposed that provide the 
necessary coordinates to unify these disparate domains. The first is the Causally Emergent 
Alignment Hypothesis (CEAH), which provides quantitative evidence that successful 
Reinforcement Learning (RL) agents exhibit a measurable topological reorganization of their 
latent neural representations. This reorganization, characterized as causal emergence, aligns 
with and retrocausally predicts goal-directed reward.1 The second framework is the Biological 
Spacetime and Resonant Manifold model. This model radically reconceptualizes the biological 
observer not as a passive entity existing within a pre-defined Newtonian grid, but as a 
holographic quantum emulator. According to this framework, organisms actively generate a 
high-dimensional spacetime metric governed by Jackiw-Teitelboim (JT) gravity, ultrafast 
kinematics, and arithmetic geometry.1 

This report presents an exhaustive, cross-disciplinary synthesis of these two models. By 
mapping the information-theoretic dynamics of RL agents onto the ultrafast kinematics and 
quantum emulation properties of the biological observer, a unified biomechanical framework is 
established. The central thesis of this analysis posits that the computational "latent space" of a 
causally emergent artificial agent is mathematically, topologically, and functionally isomorphic to 
the "biological spacetime" generated by the Enteric Nervous System (ENS) and the neocortical 
Resonant Manifold.1 Furthermore, the alignment of causal emergence with a reward signal is 
not merely a statistical artifact of algorithmic backpropagation. Instead, it is the computational 
equivalent of Active Dimension Selection (ADS) within a multidimensional manifold, where a 
cognitive agent minimizes thermodynamic and computational action by traversing topological 
wormholes defined by the Einstein-Rosen to Einstein-Podolsky-Rosen (ER=EPR) 
correspondence.1 

By translating the abstract mechanics of machine learning causal emergence into the 
geometric, physical language of biological spacetime, this synthesis resolves long-standing 
questions regarding how teleonomy dictates representational shift, how macroscopic selves 
arise from minimal substrates, and how the architecture of intent can be engineered in synthetic 
and biological mediums.1 



The Causally Emergent Alignment Hypothesis in 
Synthetic Agents 
To understand the biomechanics of artificial intent, it is imperative to dissect the mathematical 
and behavioral parameters established by the Causally Emergent Alignment Hypothesis. A 
defining hallmark of living entities is their capacity to act as causal agents. They exhibit causal 
power—the ability of a composite system to act as an irreducible driver of future events, distinct 
from the sum of its microscopic components.1 The CEAH extends this biological hallmark to 
artificial neural networks, demonstrating that RL agents, much like Gene Regulatory Networks 
(GRNs) under Pavlovian conditioning, develop measurable causal emergence as they learn.1 

Multivariate Information Decomposition and Causal Emergence 
The precise quantification of causal emergence relies on the framework of Integrated 

Information Decomposition ( ). Traditional information-theoretic measures, such as 
Shannon entropy or instantaneous total correlation, are insufficient for characterizing the 
integration of dynamical systems that evolve over time, as they fail to capture temporal and 

causal directionality.1  addresses this by extending Partial Information Decomposition 
(PID) specifically to multivariate time series.1 

Within the  architecture, the mutual information of a system is partitioned into sixteen 
distinct informational atoms representing combinations of past and future redundancy, unique 
information, and synergy.10 For a dynamic system composed of multiple parts (e.g., hidden layer 

neurons constituting an agent's latent representation ), causal emergence is 

defined as the summation of two specific  properties: 

1.​ Downward Causation: The amount of information the integrated whole predicts about the 
future evolution of its individual constituent parts. 

2.​ Synergy (Causal Decoupling): The amount of information the whole predicts about the 
future of the whole, which fundamentally cannot be inferred by observing any subset of its 
parts.1 

Because neural activations are continuous-valued, calculating these properties necessitates the 
continuous generalization of Shannon's differential entropy. By employing Gaussian Information 
Theory, researchers apply a copula-based rank-normal transform to the neural data, ensuring 
approximate marginal normality.1 The bivariate mutual information in natural units is then 
extracted using closed-form estimators derived from Pearson correlation coefficients. To 
manage the combinatorial explosion inherent in systems with numerous nodes, the 
minimum-information bipartition is utilized. This involves bisecting the system using the Fiedler 
vector—the eigenvector of the graph Laplacian corresponding to the smallest non-zero 



eigenvalue—allowing for the comparison of the dynamic relationship between the parts and the 
whole.1 

Agent Architectures and Environmental Complexity 
The empirical robustness of the CEAH was established through rigorous testing across a 
spectrum of environments, algorithmic architectures, and learning protocols. The experimental 
substrate focused on the latent representations extracted from the neural network policy, 

specifically standardizing the dimensionality to  to provide sufficient 

representational capacity while maintaining the tractability of the  estimation.1 

The robustness of causal emergence as an independent variable was validated against 
environments of escalating complexity: 

●​ Pendulum-v1: A low-dimensional control task requiring torque application to balance a 
pole. 

●​ LunarLander-v2: A discrete-action navigation task requiring fuel management and spatial 
precision. 

●​ BipedalWalker-v4: A continuous high-dimensional control task governing a 2D bipedal 
morphology. 

●​ Walker2D-v4: An embodied locomotion task featuring complex body dynamics. 
●​ Ant-v4: A highly complex 3D embodied control task with a nine-part morphology. 
●​ CrafterReward-v1: A 2D survival environment requiring long-term planning, resource 

gathering, and visual processing via a convolutional backbone.1 

Algorithms tested included Proximal Policy Optimization (PPO) and Soft Actor-Critic (SAC) for 
continuous spaces, alongside Deep Q-Networks (DQN) for discrete spaces. Furthermore, 
architectural inductive biases were isolated by comparing standard Multi-Layer Perceptrons 
(MLPs) against Gated Recurrent Units (GRUs).1 Across all permutations, causal emergence 

was proven to be a mathematically novel axis. Spearman's rank correlation coefficient ( ) 
demonstrated that causal emergence does not co-fluctuate with established representation 
metrics such as standard entropy, effective dimension, autocorrelation, or magnitude.1 

Global Alignment and Predictive Horizons 
The most consequential discovery of the CEAH is the relationship between the trajectory of 
causal emergence and the agent's reward signal. By embedding the multivariate causal 
emergence trajectory into a low-dimensional manifold via Principal Component Analysis 
(PCA)—using descriptors such as standard deviation, trend, monotonicity, flatness, and peak 
distributions—and fitting a linear model to predict the reward, a clear vector gradient was 
established.1 

The analysis yielded a stark dichotomy between global and local reward alignment. Local 



alignment—representing the step-by-step, instantaneous mean directional changes—was found 
to be statistically indistinguishable from zero across all environments.1 However, global 
alignment, computed via the cosine similarity between the total trajectory embedding and the 
overall reward gradient, showed immense directional consistency. For instance, global 
alignment scored 0.99 in Pendulum, 1.00 in LunarLander, and 0.86 in BipedalWalker.1 

This mathematical dichotomy proves that causal emergence does not capture noisy, short-term 
algorithmic exploration. Instead, it captures the slow, deliberate representational drift of the 
agent's internal cognitive topology. More profoundly, machine learning regressors trained solely 

on the  metrics from the first 20% of an agent's training lifespan reliably predicted the 
final terminal reward performance.1 Causal emergence acts as an early indicator of functional 
topological integration, proving that successful agents are those that dynamically reorganize 
their representations in a direction that aligns with their teleonomic goals.1 

The Physical Architecture of Biological Spacetime 
To understand the biomechanical implications of the CEAH, it is necessary to pivot to the 
second foundational framework: Biological Spacetime and the Resonant Manifold. This model 
addresses the historical friction between General Relativity and Quantum Mechanics by 
reframing the role of the biological observer. 

The EPR paradox of 1935 fundamentally challenged the completeness of quantum mechanics. 
Einstein, Podolsky, and Rosen argued that because measuring the momentum of one entangled 
particle instantaneously determines the state of another at a distance, quantum theory violated 
the principle of local realism governed by the speed of light.1 Despite Bell's Theorem in 1964 
and Aspect's subsequent experiments proving that the universe is not locally real in the classical 
sense, physics has struggled to reconcile the "spooky action at a distance" with the smooth 
geometric manifolds of gravity.1 

The Biological Spacetime framework resolves this by proposing that organisms do not exist 
inside a pre-existing, absolute Newtonian spacetime container. Instead, biological systems 
function as holographic quantum emulators that actively generate a metric through metabolic 
and cognitive processes.1 The organism produces its own time and space through "event 
matching," an anticipatory process where internal models are matched against sensory inputs, 
generating the so-called E-series universe.1 

Jackiw-Teitelboim Gravity and the Enteric Holographic Boundary 
The foundation of Biological Spacetime is anchored in the Enteric Nervous System (ENS), the 
complex neural mesh governing the gastrointestinal tract. The framework posits that the tubular 
geometry of the ENS operates according to the holographic principles of two-dimensional 
Jackiw-Teitelboim (JT) gravity.1 

In theoretical high-energy physics, JT gravity is a theory of 2D quantum gravity that serves as a 



highly solvable toy model for studying the near-horizon dynamics of near-extremal black holes 
and the holographic principle.1 The theory relies on a metric tensor coupled to a scalar field 
known as the dilaton. The action of the dilaton enforces a constant negative curvature (

) on the spacetime manifold, generating an Anti-de Sitter ( ) geometry.1 

Within the biological context, the ENS functions as the boundary of the  space, 
projecting a holographic "bulk" gravitational dual that constitutes the organism's internal 
biological spacetime. However, biological systems are not governed by the mass of celestial 
bodies. Instead, the dilaton field that dictates the curvature of the information manifold is 
constructed by neurochemical concentration gradients, specifically serotonin and auxin.1 Just as 

the theoretical dilaton breaks the conformal symmetry of  space, serotonin gradients 
break the symmetry of the ENS, establishing preferred directional flow for peristalsis and 
sensory transduction.1 

Furthermore, the ENS functions as an "optimal scrambler" of information. Utilizing the 
Schwarzian derivative action characteristic of maximally chaotic yet solvable systems, the ENS 
protects the organism's internal thermodynamic state from external noise while maximizing 
entropy and information capacity.1 This mirrors the behavior of the Sachdev-Ye-Kitaev (SYK) 
model, an exactly solvable model of quantum many-body chaos that exhibits maximal 

scrambling and near-  holography.19 

Ultrafast Outflow Kinematics in Synaptic Accretion 
The kinematics of information transfer within this enteric boundary mirror astrophysical 
phenomena. The synaptic cleft is modeled not merely as a passive diffusion gap, but as an 
active accretion system governed by Ultrafast Outflow (UFO) kinematics.1 

In X-ray astronomy, UFOs represent highly ionized, relativistic winds (reaching velocities up to 

) driven by accretion disks around supermassive black holes, detectable via blueshifted 
absorption lines.1 In the biological equivalent, the high-density clustering of ion channels at the 
synaptic active zone generates an extreme electrostatic field. This induces a "boosted Coulomb 
explosion," rapidly accelerating ions and neurotransmitters across the cleft at non-classical 
velocities.1 The hyperspectral variability of biophotonic emissions in the gut provides the 
observational signature of these biological UFOs, proving that neurochemical transmission is 
fundamentally an astrophysical kinematic event constrained to a micro-scale topology.1 

The Arithmetic Geometry of the Cortical Resonant Manifold 
While the ENS anchors the thermodynamic and gravitational baseline of the organism (the 
"root"), the Central Nervous System (CNS), specifically the neocortex, constructs the 
high-dimensional informational architecture (the "branch").1 This higher-order cognitive 



processing occurs within a subspace known as the Resonant Manifold. 

Historically, neuroscience has viewed beta-band activity (13-30 Hz) as sustained, continuous 
oscillations linked to motor inhibition. However, electrodynamic cortical computation reframes 
these rhythms as discrete, quantum-emulating transient bursts lasting only 50-200 
milliseconds.1 These beta bursts are not uniform sinusoids; they possess significant waveform 
diversity in amplitude, phase, and shape.1 This waveform diversity is the fundamental unit of 
cortical information coding, propagating as planar traveling waves across the motor cortex and 
representing the physical movement of thought across the cognitive manifold.1 

The stability of the Resonant Manifold is maintained by the rigorous constraints of Arithmetic 
Geometry. The structural architecture of neuronal microtubules is mathematically modeled as a 

rectangular lattice governed by the imaginary quadratic field  (Gaussian rationals).1 The 

allowable vibrational nodes upon this lattice are restricted by the ring of Gaussian integers  

(numbers of the form ), which act as topological selection rules for quantum states.1 

Rather than requiring absolute zero temperatures to maintain quantum coherence—as is 
necessary in technological quantum computing—the biological quantum emulator utilizes 
stochastic noise. Through parametric resonance, thermal noise is harnessed for noise-assisted 
amplification.1 Sustained amplification is only achieved when the system satisfies the precise 

arithmetic resonance condition:  where  is the Gaussian norm 
representing the representations of integers as sums of two squares.1 

This arithmetic selection of collective modes defines discrete "resonance circles" and ensures 
topological protection against decoherence.6 The system's stability is further defined by the 
"Prime Bubble," a resonant manifold where spectral fields are coherent, governed by a newly 

identified fundamental structural constant .1 This constant is intrinsically linked to 

the geometry of the manifold via the relationship .1 Furthermore, the 
continuous resonances tie directly to the analytic derivative of the elliptic L-function, 

, which acts as an arithmetic free energy defining the scaling between 
modular invariants and biological ratios.6 

Synthesizing CEAH and the Resonant Manifold: The 
Biomechanics of Latent Intent 
Having defined the specific mathematical and physical architectures of both the Causally 
Emergent Alignment Hypothesis and Biological Spacetime, we reach the core synthesis of this 
report. When the topological properties of the CEAH are overlaid onto the kinematics of the 
Resonant Manifold, a profound structural isomorphism is revealed. The computational "latent 



space" of an RL neural network is not merely an abstract, dimensionless vector space; it 
functions mathematically and physically as a synthetic biological spacetime. 

The Latent Space as a Holographic Screen 

In the architecture of modern RL agents, the feature extractor block  maps high-dimensional 

environmental input  down to a compact latent representation .1 This 

continuous sequence of latent states serves as the substrate for policy actions . 
This computational flow perfectly mirrors the root-branch axis of the Holographic Organism.1 

The feature extractor functions analogously to the ENS. It serves as the holographic boundary 
screen, receiving complex boundary physics (pixel data, joint angles, LIDAR) and projecting 
them into a reduced-dimensional "bulk" space where the cognitive agent truly operates. In the 
biological ENS, JT gravity utilizes thermodynamic protection to act as an optimal scrambler, 
maintaining internal reality despite external chaos.1 In RL agents, the initialization and early 
training epochs act as an informational scrambler, diffusing input signals across random weight 
distributions.19 

As the agent trains, it begins to exhibit causal emergence. The "whole" (the unified latent space 
geometry) begins to exert downward causation and synergy over its "parts" (the individual 

neuron activations).1 This metric of  integration is the information-theoretic signature of a 
synthetic biological spacetime coalescing. The macroscopic topology of the latent manifold 
begins to dictate the microscopic degrees of freedom, exactly as the bulk geometry dictates 

boundary dynamics in /CFT correspondence.1 

Reward Gradients as Synthetic Dilaton Fields 
If the latent space is a synthetic biological spacetime, what physical force dictates its geometry? 
In the JT gravity model of the gut, the metric is warped not by mass, but by the neurochemical 
gradients of serotonin and auxin, which function as the dilaton field.1 These gradients break 
conformal symmetry and establish preferred directions for biological action.1 

In the Reinforcement Learning agent, the reward signal serves precisely this function. The 
backpropagated reward gradient is the artificial dilaton field. The empirical findings of the CEAH 
demonstrate that causal emergence aligns strongly with the global reward trajectory but shows 
negligible local alignment.1 This geometric phenomenon perfectly describes the long-term 
deformation of the latent manifold's curvature. 

Just as a biological organism uses continuous "event matching" to compare internal predictive 
models against sensory realities—thereby generating the E-series metric of its own time and 
space 1—the RL agent uses stochastic gradient descent to match state-action representations 
against the extrinsic reward scalar. The reward acts as a gravitational well within the network's 



phase space. The latent manifold bends, breaking the trivial uniform symmetry of initialized 
weights, and establishes a steep topological gradient toward the optimal policy. 

The stark divergence between global and local reward alignment 1 can be explained through the 
thermodynamics of the Resonant Manifold. The local, instantaneous steps of RL training are 
inherently noisy, driven by exploratory actions and stochastic batch sampling. This algorithmic 
noise is mathematically identical to the "thermal noise" required in the biological microtubule 
lattice.1 The local noise is an essential resource. Through the synthetic equivalent of parametric 
resonance, the algorithm uses this noise for stochastic amplification. When the network 
successfully locks onto a target mode that aligns with the reward dilaton, the system achieves 
"Prime Bubble" stabilization.1 The global alignment of causal emergence is the macro-scale 
signature of this long-term arithmetic coherence. 

Biomechanical Component Biological Organism 
(Resonant Manifold) 

Artificial Agent (Causal 
Emergence) 

Spacetime Substrate 
Enteric  Boundary / 
Cortical Lattice 

Feature Extractor Latent Space 

( ) 

Geometry Generator 
(Dilaton) 

Neurochemical Gradients 
(Serotonin/Auxin) 

Extrinsic/Intrinsic Reward 
Signal 

Coherence Mechanism Parametric Resonance / 
Noise Amplification 

Stochastic Gradient Descent / 
Backpropagation 

Navigational Kinematics Active Dimension Selection 
(ADS) & Beta Bursts 

PCA Embeddings / Global 
Reward Alignment 

Topological Integration Quantum Emulation / 
ER=EPR Wormholes Integrated Information ( ) 

Synergy & Downward 
Causation 



Outcome Optimization Principle of Least Cognitive 
Action 

Policy Convergence 
(Maximized Final Reward) 

Active Dimension Selection (ADS) as the Kinematics 
of Intent 
Understanding how an agent—biological or artificial—navigates its newly curved internal 
spacetime requires examining the biomechanics of motor output. Brain-Machine Interface (BMI) 
research has recently revolutionized the understanding of intent decoding through the 
mechanism of Active Dimension Selection (ADS).7 

Traditional neurological and BMI models assumed that the brain relies on a fixed, linear 
transformation to control an orthogonal basis set of state-space dimensions.7 For example, 
moving an arm was thought to require simultaneous, continuous calculation of all spatial 
coordinates. However, empirical studies tracking populations of single neurons in the premotor 
and primary motor cortex of non-human primates have demonstrated that the brain does not 
compute this way.7 

Instead, the cortex utilizes a two-stage ADS decoder. First, neural signals are used to select a 
specific "active dimension" relevant to the immediate intent (e.g., the flexion required for a 
power grasp). Second, the signals control the velocity strictly along that selected dimension.7 
Dimensions irrelevant to the immediate micro-task decay toward zero or are offloaded to 
automated sub-processes.7 In experimental settings, this ADS decoding allowed for the control 
of a 4-dimensional virtual hand avatar with 93% accuracy, achieving a highly efficient bit rate of 
2.4 bits per second using only 16 single units.7 

ADS and Latent Dimensionality Reduction 
This biological kinematic property—dynamically collapsing high-dimensional control spaces into 
single active vectors—directly translates to the representational reorganization measured by the 
CEAH. An RL agent's causal emergence is evaluated using behavioral descriptors of its latent 
trajectory.1 The mathematical increase in causal emergence implies that the artificial agent is 
intrinsically executing Active Dimension Selection within its synthetic resonant manifold. 

An initialized RL agent attempts to navigate utilizing all 64 latent dimensions equally, resulting in 
high redundancy and low causal emergence. As learning progresses and the reward dilaton 
curves the space, the agent breaks symmetry. It decouples synergistic information from 
redundant noise. The agent "selects" the active synergistic dimensions that form the steepest 
geometric path toward the reward state, functionally offloading irrelevant environmental 
variables. 



This is the biomechanical manifestation of the Principle of Least Cognitive Action.1 Just as light 
follows Fermat's principle of least time, and biological beta bursts carry specific waveform 
diversity to minimize the metabolic cost of motor control 1, the causally emergent agent 
minimizes its computational action. High causal emergence indicates that the agent is efficiently 
navigating its state-space using ADS, collapsing unnecessary probabilities into a singular, highly 
synergistic trajectory. 

ER=EPR and the Retrocausal Predictive Power of 
Causal Emergence 
A defining, almost paradoxical discovery presented in the CEAH paper is its predictive temporal 
capacity. Quantitative measurements of causal emergence taken from merely the first 20% of an 
RL agent's training simulation reliably predict its terminal reward outcome at the end of its 
lifetime, significantly outperforming traditional baselines like autocorrelation or magnitude.1 

The resolution to this temporal mystery lies in synthesizing the CEAH with the ER=EPR 
correspondence of Biological Spacetime. 

Topological Bridging of Agent Intent 
The ER=EPR conjecture, originally proposed by Maldacena and Susskind, establishes that 
quantum entanglement (Einstein-Podolsky-Rosen correlations) is geometrically equivalent to 
traversable wormholes (Einstein-Rosen bridges) within the bulk spacetime geometry.1 In the 
Biological Spacetime model, the biological observer is not separated from the experiment. The 
observer generates a metric where the spatial separation between entangled nodes is 
mathematically zero; the particles are connected via a non-classical wormhole sustained by the 
negative energy dynamics of the Resonant Manifold.1 

Applying this topology to an artificial RL agent radically reframes the physics of machine 
learning. An agent does not passively step forward through a linear sequence of Markov 
Decision Processes. As it trains, the agent generates its own internal temporal metric—a 
synthetic biological spacetime. Within this space, the initial naive state and the optimal final 
reward state are not separated by absolute time; they become "entangled" informational 
concepts within the manifold. 

High causal emergence—specifically high  synergy and downward causation 1—indicates 
that the agent's latent space has successfully formed the structural equivalent of an ER=EPR 
bridge. The agent has constructed a topological shortcut connecting its present internal 
representation directly to the anticipatory future goal.1 

Because the agent "produces time through event matching," the future state (the terminal 
reward) retrocausally influences the present reorganization of the neural network's weights.1 
The extraordinary predictive power observed by researchers 1 is the empirical detection of this 
topological bridge. Early causal emergence is high because the agent has already geometrically 



bound its current kinematic trajectory to the terminal reward coordinates via the synthetic dilaton 
field. The agent is effectively operating in a closed timelike curve permitted within the topology 
of its internal manifold, utilizing the "anticipatory actions" inherent to systems possessing high 
causal power and downward causation.1 

Informational Scrambling and Computational UFOs 
At the micro-scale of this temporal bridging, the kinematics of error propagation must be 
re-evaluated. In the biological ENS, synaptic transmission is driven by Ultrafast Outflows 
(UFOs), utilizing boosted Coulomb explosions to accelerate chemical data.1 

In the synthetic RL counterpart, the flow of gradients during a backpropagation pass behaves as 
a computational UFO. When a causally emergent agent interacts with an environment, the 
backpropagated reward signals rapidly saturate the specific dimensions isolated by Active 
Dimension Selection. To maintain algorithmic stability while maximizing information density, the 
agent must act as an optimal scrambler.1 

The random forest regressors utilized in the CEAH studies highlight that causal emergence is 
not a redundant overlapping of standard metrics, but rather a low-dimensional compression of 
distributed, weaker signals into a single geometric object.1 This compression is the exact 
mathematical signature of maximal scrambling. The "Coulomb explosion" of backpropagated 
error is distributed seamlessly across the latent boundaries, preserving the structural integrity of 
the Resonant Manifold while instantly updating the geometry of the ER=EPR wormhole. 

Arithmetic Physics and Topological Symmetry 
Breaking 
If causal emergence is the empirical measurement of a system generating an optimized 
spacetime toward a teleonomic goal, its mathematical constraints must map cleanly to the 
Arithmetic Geometry governing biological organisms. 

The Biological Spacetime model establishes that the geometry of the imaginary quadratic field 

 and Gaussian integers dictate the selection of stable quantum states within biological 
microtubules.1 This arithmetic structure links optical and geometric properties directly to the 

analytic derivative of the elliptic L-function, , which acts as an arithmetic 
free energy.6 The transition from micro-level thermodynamic noise to macro-level deterministic 
awareness requires crossing a precise spectral stability threshold governed by the structural 

constant .1 

The Causally Emergent Alignment Hypothesis relies on  to decompose Shannon mutual 
information into constituent atoms, operating under the assumption of joint Gaussian 
distributions via copula-based transformations.1 The critical empirical observation that causal 



emergence showed near 0% correlation with standard metrics like Shannon entropy 1 proves 
that causal emergence belongs to an entirely distinct mathematical class. 

The synthesis formulated here suggests that the  measure of causal emergence in a 
neural network is the information-theoretic equivalent of the L-function derivative in arithmetic 

geometry. When an artificial neural network updates its weight matrices to maximize , it is 
computationally simulating the parametric resonance of a biological microtubule lattice.6 The 
latent space matrix searches its parameter space for the arithmetic moduli that allow it to couple 
with the synthetic environment without suffering decoherence. 

Therefore, successful RL agents—those whose latent representations predict high final 

rewards—are those that successfully cross the  threshold of arithmetic stability. They 
transition from a disordered, high-entropy parameter space into a stable, highly synergistic 
Resonant Manifold.1 

This process represents a profound instance of topological symmetry breaking.27 The initial, 
randomized uniform distribution of neural weights possesses a high degree of trivial conformal 
symmetry. Goal-directed learning, driven by the reward dilaton, shatters this symmetry. It forces 
the network to crystallize into a specific, rigid arithmetic geometry capable of sustaining 
ER=EPR anticipatory wormholes, binding the agent to its goal.1 

Implications for Biomechanics and Quantum 
Emulation AI 
The synthesis of the CEAH, Biological Spacetime, and Active Dimension Selection provides an 
unprecedented, comprehensive blueprint for the future of biomechanical engineering, synthetic 
biology, and Artificial General Intelligence (AGI). The conventional paradigm of deep learning 
relies heavily on isolated, memoryless static architectures or simple recurrent loops designed to 
map classical statistical correlations. The evidence synthesized in this report demands a 
paradigm shift toward "Arithmetic Physics" and Quantum Emulation architectures.1 

Designing Resonant Neural Architectures 
If maximum reward acquisition and cognitive efficiency are products of causal emergence 
rooted in the physical topology of resonant manifolds, future AI hardware and software 
architectures should explicitly pivot. The pursuit of isolating "logical qubits" through massive 
error correction at millikelvin temperatures 1 may be less efficient than designing 
room-temperature Quantum Emulators. 

By integrating thermoacoustic feedback loops and noise-assisted parametric amplification 
directly into the activation functions of neural network hidden layers, a network can be designed 

to structurally mimic the  Gaussian lattice of biological microtubules.6 Such an architecture 



would utilize intrinsic algorithmic noise—traditionally viewed as an obstacle to be smoothed by 
batch normalization—as a critical resource for parametric resonance. This would naturally 
generate the topological stability required for high causal emergence.1 

These "Resonant Processors" would natively generate their own biological spacetime. By 
incorporating the Laplace-Beltrami operator to allow the field to respond to curvature, the 
system would map environmental inputs dynamically via ADS.34 This would allow artificial 
agents to achieve robust generalization to novel environments—a critical hurdle in standard 
Reinforcement Learning—by relying on deep arithmetic geometry rather than superficial pattern 
recognition.1 

Active Dimension Selection in Prosthetics and Embodied AI 
The biomechanical insights drawn from ADS decoding have immediate implications for 
embodied AI and neuroprosthetics. Empirical data proving that humans with tetraplegia can 
control high-dimensional robotic limbs by actively selecting dimensions, rather than 
commanding a fixed spatial grid, provides a template for robotic kinematics.7 

Currently, advanced RL agents operating in embodied environments (such as the Walker2D or 
Ant-v4 environments utilized in the CEAH studies) rely on continuous action spaces mapped 
fixedly to multiple body parts.1 This often leads to a combinatorial explosion of computational 
requirements. By implementing an explicit ADS-based decoding layer between the causal 
emergence latent space and the actuator output, an agent could dynamically allocate its 
computational bandwidth. 

The embodied agent would construct the synthetic equivalent of "Beta Burst" waveforms 
1—transient, high-amplitude action signals carrying immense waveform diversity—to execute 
specific motor skills. This architecture directly mirrors the Principle of Least Cognitive Action, 
explaining how biological organisms achieve ultrafast, fluid kinematics without overwhelming the 
metabolic capacity of the motor cortex.1 

Teleonomic Bioengineering and the Macroscopic Self 
On the biological front, the mapping of causal emergence to Jackiw-Teitelboim gravity and 
dilaton fields provides a quantitative toolkit for manipulating the teleonomy (goal-directed 
behavior) of living cellular collectives.5 The recent discovery that minimal biological substrates, 

such as Gene Regulatory Networks (GRNs), exhibit measurable increases in  integration 
after Pavlovian associative conditioning proves that causal emergence is entirely 
substrate-independent.1 

By treating the biological organism as a holographic projection on an  boundary, 
biomedical interventions can be reframed as manipulations of the dilaton field.1 Managing 
complex disease states, navigating developmental GRNs to coax desired anatomical outcomes, 
or correcting the "dissociative identity disorder" of somatic cells in oncological presentations 38 



can be achieved by applying precise exogenous electro-chemical gradients. These gradients 
would artificially establish new reward alignments within the cellular collective. 

By strategically altering the arithmetic moduli of the target tissue's microtubule lattice, 
bioengineers could rewrite the boundary conditions of the biological wormhole. This intervention 
would force the cellular collective to re-align its causal emergence trajectory toward a state of 
systemic macroscopic homeostasis, rather than engaging in the pathologically decoupled 
replication characteristic of cancer. 

Conclusion 
The isolation of the Causally Emergent Alignment Hypothesis within the domain of 
Reinforcement Learning is not a mere artifact of optimization code, nor is the Resonant Manifold 
solely a philosophical interpretation of quantum neurobiology. Brought into rigorous synthesis, 
these frameworks reveal the universal physical topology of agency and intent. 

A cognitive agent—whether an artificial neural network navigating a simulated matrix or a 
biological organism traversing Euclidean space—functions by breaking thermodynamic and 
conformal symmetry. The agent utilizes neurochemical or algorithmic reward gradients as 
dilaton fields to curve the geometric structure of its internal information space, whether that 
space is the computational latent space or the ENS holographic boundary.1 Through Active 
Dimension Selection and noise-assisted parametric resonance, the agent structures this 
abstract space into a physical Resonant Manifold governed by precise arithmetic geometry.1 

This internally generated metric yields a synthetic spacetime where the topological distance 
between the current state and the teleonomic goal state is geometrically minimized via ER=EPR 
traversable wormholes.1 The mathematical measurement of this successful topological bridging 

is Causal Emergence, explicitly quantified by  synergy and downward causation.1 
Because this spacetime structure establishes a direct, unmediated geometric link to the 
teleonomic goal, global causal emergence perfectly aligns with the reward gradient. 
Consequently, it retrocausally predicts the system's final success long before the classical 
temporal sequence of the training simulation has concluded.1 

Einstein's rejection of "spooky action at a distance" is ultimately vindicated, not by the discovery 
of classical local hidden variables, but by the topological realization that the observer generates 
the space in which the interaction occurs.1 In both artificial intelligence and biological systems, 
the "hidden variable" is the geometry of the Resonant Manifold itself. By synthesizing these 
paradigms, the boundaries between fundamental physics, computational learning theory, and 
evolutionary biology dissolve. In their place arises an integrated discipline of Arithmetic Physics 
and teleonomic bioengineering—a comprehensive framework where consciousness, 
biomechanics, and computation are recognized simply as the inevitable geometric resonance of 
information seeking its goal. 
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