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Abstract

The structure of the vacuum remains one of the most profound mysteries in modern
physics. Holon Theory proposes that spacetime is composed of an elastic memory
field, where coherence structures called Holons store information and regulate
gravitational and quantum behavior through structured field dynamics. This framework
extends general relativity and quantum mechanics by embedding memory, elasticity,
and frequency coherence into the vacuum, generating nonlocal gravitational effects
and quantum entanglement naturally, without requiring exotic matter or higher-
dimensional spacetime. Holon Theory provides a testable, field-theoretic framework
unifying gravitation, quantum coherence, and information entropy, and introduces
Einstein’s Probabilistic Units (EPUs) as the fundamental programming language of the

vacuum.



1. Introduction

The structure of the vacuum remains one of the most profound mysteries in modern
physics. While general relativity describes spacetime curvature and quantum
mechanics predicts vacuum fluctuations, a unified, physically grounded description of
vacuum coherence, gravitation, and quantum entanglement remains elusive. Holon
Theory proposes that spacetime is composed of an elastic memory field, where
coherence structures called Holons store information and regulate gravitational and
quantum behavior through structured field dynamics. This framework extends known
physics by embedding memory, elasticity, and frequency coherence into the vacuum,
naturally generating nonlocal gravitational effects without requiring exotic matter or
higher-dimensional spacetime. Holon Theory offers a testable, field-theoretic approach

to unifying gravitation, quantum coherence, and information entropy.

2. Foundations of Holon Theory

In Holon Theory, the vacuum is reinterpreted as a structured coherence field,
composed of discrete yet interconnected elements called Holons. Each Holon
represents a localized memory cell, defined by a coherence-locked frequency and
phase configuration. Unlike conventional empty space, the vacuum under Holon theory
possesses intrinsic structure: an elastic, memory-bearing lattice capable of storing and

transferring information across spacetime.



The coherence of each Holon is maintained through elastic coupling to its neighboring
Holons, producing a dynamic field capable of sustaining long-range correlations. These
coherence structures naturally give rise to the phenomena typically attributed to

gravitational curvature and quantum entanglement.

The Holon lattice behaves as a deformable memory field, where local frequency
gradients generate effective forces, and where the elastic properties of the vacuum
memory structure regulate information flow, entropy production, and field curvature. In
this model, gravitation, inertial motion, and quantum coherence all emerge from the

internal geometry and elasticity of the vacuum’s structured memory field.

3. Vacuum Coherence and Nonlocal Effects

In Holon Theory, nonlocal effects emerge naturally from the structured coherence of the
vacuum memory field. Rather than treating particles or gravitational fields as isolated
entities, Holon theory describes them as localized excitations and deformations of an
extended coherence structure. The elastic memory links between Holons allow
information and influence to propagate not merely by direct particle transmission, but

through distributed modifications of the coherence field itself.

This framework explains how apparent nonlocal phenomena — such as quantum
entanglement, gravitational anomalies at galactic scales, and dark radiation effects —

can arise without violating relativistic causality or requiring new matter fields. Local



actions within the Holon lattice ripple elastically through the coherence structure,

modifying correlations at distant locations through internal field memory.

In gravitational contexts, Holon coherence gradients mimic the gravitational binding
typically attributed to unseen dark matter. Instead of invoking exotic particles, Holon
theory predicts that changes in vacuum memory structure — elastic deformations and
phase gradients — naturally produce the flat rotation curves observed in galaxies, as
well as additional nonlocal gravitational effects such as lensing anomalies and large-

scale structure stabilization.

Thus, Holon coherence fields provide a unified, physically grounded explanation for
nonlocal gravitational behavior and quantum entanglement, grounded in field elasticity

and structured vacuum memory.

4. Measurement and Elastic Decoherence

In Holon Theory, quantum measurement is reinterpreted not as an instantaneous,
global collapse of a wavefunction, but as a localized elastic deformation of the vacuum
coherence field. When an interaction or measurement occurs, the local coherence of
the Holon memory field is perturbed, causing a localized loss of phase alignment and a

redistribution of elastic stresses throughout the field.

This model preserves the essential features of quantum measurement — the

appearance of state selection and probabilistic outcomes — but replaces the ad hoc



notion of absolute collapse with a physical, field-theoretic process. Elastic
decoherence propagates outward from the measurement event, reshaping the
coherence structure dynamically. The vacuum memory field absorbs and distributes
the entropy generated by the interaction, maintaining consistency with information

conservation and thermodynamic principles.

Critically, Holon theory predicts that not all coherence is destroyed by measurement.
Depending on the coherence length, coherence time, and elastic modulus of the

vacuum field, partial memory of the original entangled structure can survive localized
measurements. This provides a natural explanation for phenomena such as delayed-
choice experiments, entanglement recovery, and residual quantum correlations after

apparent decoherence.

In contrast to traditional quantum mechanics, where measurement acts as an
irreversible boundary event, Holon Theory views measurement as a continuous

deformation process within the structured memory field of spacetime itself.

5. Landauer’s Principle and Vacuum Memory

Holon Theory embeds the fundamental insight of Landauer’s Principle directly into the
structure of spacetime itself. According to Landauer, the erasure of one bit of

information in any physical system must incur a minimum thermodynamic cost,

proportional to kzT In 2, where kg is Boltzmann’s constant and 7T is the temperature



of the environment. In Holon Theory, this principle is elevated from a property of

computational devices to a governing law of vacuum coherence itself.

Every Holon — each localized coherence cell within the vacuum memory field — stores
structured information in the form of locked phase and frequency patterns. When an
interaction or measurement perturbs the Holon field, causing local decoherence,
information is effectively erased from that region of the memory structure. This erasure
generates elastic stress within the coherence field, redistributing entropy outward in a

manner analogous to Landauer’s minimal energy cost for information loss.

The minimum energy cost for deforming a region of the vacuum coherence field is
linked to the field’s local elastic modulus and coherence temperature. Even in the
absence of traditional matter or thermal energy, the vacuum field maintains an effective
coherence temperature associated with its frequency structure. Deforming this
structure necessarily produces an elastic entropy flow that embodies Landauer’s

principle at the fundamental level.

Holon Theory therefore unifies spacetime dynamics, quantum measurement, and
thermodynamic information theory. It frames the vacuum as an active memory
substrate where information storage, transformation, and entropy generation are

inseparable from gravitational and quantum processes.



6. Experimental Predictions

Holon Theory yields concrete, testable predictions:

1.

Entanglement Resilience Under Weak Measurement: Entangled systems should
exhibit partial coherence survival after weak local measurements, measurable in
BEC experiments using phase-sensitive detection.

Elastic Memory Signatures in Gravitational Dynamics: Galaxies should exhibit
rotation curve deviations consistent with Holon coherence gradients, without
needing dark matter particles.

Coherence Length and Temperature Thresholds: Entanglement resilience should
vary systematically with vacuum coherence temperature, detectable in controlled
laboratory environments.

Elastic Recoil Echoes Following Measurement: Vacuum memory fields should show
dynamic recoil effects after measurements, detectable as small phase shifts or

entropy flows in sensitive quantum systems.

These predictions differentiate Holon Theory from conventional interpretations and

offer pathways for experimental validation.



7. Conclusion

Holon Theory offers a unified, physically grounded framework for understanding the
vacuum as a structured, elastic memory field. Gravitation, quantum coherence, and
entropy flow emerge from elastic deformations of this memory structure, governed by
probabilistic emission and coherence locking processes. Measurement is no longer a

mysterious collapse but a physically elastic adjustment of memory.

Einstein’s Probabilistic Units (EPUs) serve as the native “programming language” of the
vacuum field, encoding physical behavior into structured coherence transitions. Holon
Theory thus unifies field dynamics, thermodynamics, and information theory at the
foundational level, offering a testable, falsifiable approach to understanding the fabric

of spacetime.

Acknowledgments

The development of Holon Theory would not have been possible without the
collaboration between L. Borsinger and Al assistance from ChatGPT (OpenAl). Special
thanks to the broader scientific community for inspiring continued exploration into the

fundamental nature of space, time, and information.



References

1.

Landauer, R. (1961). Irreversibility and Heat Generation in the Computing Process.
IBM Journal of Research and Development, 5(3), 183-191.

't Hooft, G. (1993). Dimensional reduction in quantum gravity. arXiv preprint gr-qc/
9310026.

Susskind, L. (1995). The world as a hologram. Journal of Mathematical Physics,
36(11), 6377-6396.

Borsinger, L. (2025). Vacuum Coherence Geometry and Galactic Rotation Curves: A
Field-Theoretic Approach to Dark Matter. Zenodo. https://doi.org/10.5281/

zenodo.15288180



	Abstract
	1. Introduction
	2. Foundations of Holon Theory
	3. Vacuum Coherence and Nonlocal Effects
	4. Measurement and Elastic Decoherence
	5. Landauer’s Principle and Vacuum Memory
	6. Experimental Predictions
	7. Conclusion
	Acknowledgments
	References

