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Abstract

This paper evaluates the speculative hypothesis that the vacuum of space possesses
intrinsic optical or perceptual properties — metaphorically framed as a ”colour” of
emptiness. We examine this hypothesis under the constraints of quantum field theory,
general relativity, and perceptual neurophysics. Emphasis is placed on falsifiability, ob-
servational data, theoretical boundaries, and potential frameworks that could validate
or refute the conceptual core of the theory.

1 Introduction

The vacuum of space is classically defined as the absence of matter. Quantum field theory
refines this to a fluctuating ground state populated by virtual particles. The proposition that
this vacuum possesses a perceptual or physical ”colour” is examined as a metaphor-driven
hypothesis, exploring whether known physics allows for non-zero, perceivable characteristics
of the vacuum.

2 Theory Summary

• The vacuum is not an absence, but a dynamic medium.

• Perceptual or optical signatures could hypothetically emerge from vacuum structure.

• These effects may be tied to quantum fluctuations, Casimir geometry, or dark sector
couplings.

3 Relevant Physics Foundations

3.1 Quantum Field Theory

Vacuum expectation values and zero-point energy exist, but are not directly perceivable.
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3.2 Casimir Effect

A proven result of vacuum fluctuation between plates, suggesting vacuum structure — but
no photon emission or visible effect.

3.3 Unruh and Hawking Radiation

Particle generation due to acceleration or curvature. However, these require extreme condi-
tions — not ambient perception.

4 Refuting Observable Predictions

• No anisotropy: CMB measurements show uniformity not explained by vacuum op-
tical shifts.

• No distortion: Gravitational lensing follows expected paths — vacuum curvature
aligns with general relativity.

• No intrinsic luminosity: Vacuum does not emit light without boundary interaction.

5 Mathematical and Formal Limits

Let |0⟩ be the vacuum state.
The vacuum energy density is given by:

ρvac =
ℏc
2

∫ ∞

0

ω(k)dk (1)

This diverges without cutoff and is renormalized in QFT. No term suggests visible spectrum
output or colour detection.

6 Philosophical and Metaphoric Grounds

Though the idea of vacuum ”colour” is not physically supported, it opens paths toward
thinking about sensory-limited epistemology — the idea that some phenomena may exist
outside our observational frame.

7 Scientific Standing

Criterion Status heightFalsifiability
Low Mathematical grounding QFT-valid but not predictive of visible phenomena Observational support
None Conceptual creativity High Status
Speculative-metaphysical hybrid height
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8 Conclusion

”The Colour of Emptiness” is not disproved by known physics, but it is not required by it
either. Its value lies in metaphor and theoretical inspiration — not in physical necessity.
Any path toward scientific status must include:

• Detection proposals

• Coupling to known fields

• Mathematical derivation from QFT or emergent models
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